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PRET?ACE 

Man distinguishes himself from other creatures by 
his abstract reasoning capacity and his ability to communicate 
his ^knowledge by highly complex symbolic processes. There 
are few scientists who have explored the universe of 
cognition, and contributed to the understanding of the 
realm of knowledge/ with greater genius, care, and scientific 
intution than Jean Piaget. 

This report is on a study attempting at inducing the 
development of logical operations, based on the Piagetian 
theoretical framework, through a ’guided discovery' based 
model of instruction in an actual Indian urban clr ssroom 
condition, takinn into consideration all its constraints. 

There is no study conducted in Indian conditions to derive 
implications for the experiment mentioned above. This makes 
it necessary to make the report oon^rehensive and self 
sufficient. Therefore, the Piagetian theoretical fr^mevrork is 
briefly described and the question of inducing cognitive 
development is discussed. follows is an empirical support 

to this hypothesis. Studies on acceleration of cognitive 
structures conducted under different field conditions are 
reviev.ed tracing a trend and deriving implications for a 
model of instruction which might induce cognitive development 
of learners. Following this the field conditions in India is 
presented and a model of instruction suitable to these 
conditions to induce cognitive development is detailed. 
Subsequently the procedural details of finding an answer to 
the research question is described. 




CHAPTER I 


THEORETICAL FRAMEWORK 


1.0 Evolution of Scientific KnoMledge 


Throught history men have observed various phenomena 
ef nature and then attempted to explain them. Man's knowledge 
of such phenomenaj observed and explained at different points 
ef time, has gone through a number of stages (Robinson, 1968, 
p.lS). At a given stage the knowledge of the various phenomena 
and their Interrelationships exists in the'form of a well 
connected structure. This structure is internally consistent 
in that it accounts for almost all observations made during 
that time. If any contradictory ^bsrvatlon la made during 
this time, it is either rejected as invalid or modified to fit 
into the structure. When many Such observations are made and 
the existing structure falls to explaltt or account for these 
observations, there is created a disequilibrium and thus 
arises a need for the structure to undergo modifications in 
order to accommodate the new observations* Thers^o^, suoh an 

■f 

observation or a set of,observations may trigger several 
changes in the krxjwledge structure thereby evolving, into 4 
new stage in the evolution of human knowledge. This, is, what 


KUhn (1962) calls as normal and re^lutio««iry ph^aes ot 
science. The new st^ge irrelatively .stabler 41 ^ it qan 


assimilae 


more 


,-^an the 




So, the structure of knowledge Is not to be taken as a static 
one, instead it is dynamic, and the evolution may be seen in 
terras of its change from a less stable equilibrium to that of 
a stabler one through an active interaction of the human mind 
with the environment^. This stage wise development of the 
knowledge structure may be further explained using a couple 
of illustrations from the history of science.'During the 
period of Ptolemy (c. 140 A.D,) and for another 1300 years, 
it was believed that the celestial objects revolved round the 
earth in uniform motion. There was difficulty when some 
observations regarding the motion of planets conflicted with 
the existing knowledge ^structure. The stinicture was extended 
and not modified in an effort to assimilate the contradictory 
observations, when many such observations could not fit into 
this structure of knowledge, the then philosophers claimed 
that the observations must be wtong (Kbestler, 1959>pi69), 

The sixteenth century Polish astronomer Copernicus set up a 
milestone in restructuring the understanding of the universe. 
His view of the universe (that the sun, not the earth, is at 
the centre of the system) could accommodate those unaccounteds 
observations and also many more iuhlch were made later by 
others (Feldman and Ford, 1979,p.20), Thus, the structure of 
knowledge evolved from a lower stage to a higher one which 
could accommodate the previous observations as well as 
observations made during that period. Another major structural 
change that took place in the human understanding of his 




environment is the development of quant\im mechanics which led 
to the breakdown of the Newtonian mechanics., The work of 
Heisenberg, Dirac, Einstein, etc., forced the scientists to 
give up the classical explanations (Robinson, 1968,p,18), 

Such a step wise evolution is also true in the case of 
the development of concepts which form part of the total 
knowledge structure. For example, the concept of the unit of 
matter and its constitution has undergone several such stages 
of evolution in history. The discovery of the fundamental 
particle 'electron* by J.J. Thomson in the year 1897 made a 
major change in the understanding of the unit of matter i,e,, 
atom. It was then believed that positive and negative partiC' ' 
are embedded in a hard sphere callcjd the atom. This concept 
of the atom could explain several observations regarding the 
constitution of matter and its transformations. But, when 
Rutherford in 1909 bombarded a collection of atoms with 
positive particles, they passed through. The then existing 
concept of the atom failed to esq^Iain this observation. 

There arouse a need for the conceptual structure to undergo 
transformation to accommodate the new observation. This led 
to the discovery of the Rutherford model of the atom with a 
heavy nucleus at the centre and the electrons moving around 

The above examples are a few among the umpteen examples 
which show the stage wise evolution of conc<E|pts as well as 
the total knowledge structure through a proOesS of 




assimilation-accommodation-ec[uilibration. This process is 
further elaborated in the coming sections, 

1,1 An Individual’s Understanding of his Environment 

^n individual, right from his childhood, interacts 
with his environment and adapts cognitively* He progressively 
constructs his cognitive structure through active interaction 
with his surroundings . This includes elementary sensorymotor 
actions of a child to the most sophisticated intellectual 
operations of an adult. Such a construction of reality by an 
individual does not seem to proceed in a gradual and 
continuous fashion; rather it evolves in a stagewise fashion. 
An early example* of such' an evolution is the construction of 
the notion of the permanence of objects by a child by about 

3 

the age of 9-12 months During the first few months of 
existence, the child is not .aware of permanent objects, but 
only of pictures which appear, dissolve and then reappear. At 
this stage the child believes that objects depend on his 
action of looking for them. For the object to become permanent 
the child has to construct a new structure. This he does when 
the child discovers from repeated failures to recover an 
object from the initial position and later by successfully 
following it around an obstacle. At this point the child’s 
body Instead of being considered the centre of the world 
becomes an object like any other. Piaget (1976,p,14), 

A 

describes it as a 'Copernioan revolution’* babias accottrplish in 




twelve to eighteen months. Such a stagewise evolution in an 

■ 

individual's construction of cognitive structures can be seen 

4 

in his understanding of the environment • 

1.2,0 Piaget's Theory 

y 

Piaget’s theory of development, which is particularly 
concernod with the development of cognitive functions, is 
impossible to understand if one does not begin by analysing 
in detail the biological presuppositions from which it stems 
and the epistemological consequences in which it ends, Piaget 
(1976) says that he finds the same problems and same' types of , 
explanation to thyee processes viz,, 1) the adaptation of an 
organism during its growth, 2) the adaptation of intelligence 
in the course of the construction of its own structures, and 
3) the establishment of cognitive structures progressively 
constructed by continuous interaction between the svibject and 
the external world. In the common view, the external world is 
entirely separate from the subject and an objective knowledge 
then appears to be simply the result of a set of perceptive 
recordings, motor associations, verbal descriptions and the 
like. But this passive interpretation of the act of knowledge 
is in fact contradicted at all levels of development. Actually, 
inorder 'to know’ objects, the subject must act upon them, and 
therefore transform them; he must di^l^e, connect, coitibine, 
take apart, and reassemble them* Prom the moat e)le|tientary . 
sensorimotor ac-t^ons to the most sophisticated intellec%ua?l, 
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operations, which arc interiorised actions carried out 
mentally, knowledge is constantly linked with actions or 
operations, that is, with transformations (Piaget, 1976,p,12). 
The result of these transformations is the progressive 
construction of knowledge structures. But these structures 
arc the result of construction and are not given in the 
objects, since they arc dependant on action, nor in the 
subject, since the subject must learn how to coordinate his 
actions. The origin of knowledge lies in an inextricable 
interaction between both subject and object, such that what 
is given physically is integrated in a logicomathematical 
structure Involving the coordination of the subject*® actions 
(Piaget, 1976,p.16). 

The above discussion on construction of structures 
seem to overemphasise the inportance of experience. This is 
not true. According to Piaget the genesis of the mechanism of 
knowledge cannot be explained by any of the classical factors 
of developmental theory? it is not solely duo to maturation, 
it does not result solely from learning on tho basis of 
experience, and it does not result solely from social 
transmission, Piaget advances the hypothesis that another 
factor must be identified alongwlth those of the above. This 
is the factor of equilibration (Inhelder, 1970; Thomas, 1977^. 

14 2.1 Equi1Ibration 


Piaget postulates that each organism is an opei^> aotifey^,. 
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SGlf-rtgulating system. Mental development would be then 
characterised by progressive changes in the process of active 
adaptation. Elkind (1967) paraphrases that 'at each level of 
development there are two poles of activity: change in the 
structure of the organism in response to environmental 
intrusions (accommodation) and changes in the intruding 
stimuli due to the existing structure (assimilation). Any 
action on the part of a subject gives rise to 'schemes' of 
assimilation^. That is, an object can be taken into certain 
schomes through the actions that are carried out on it; each 
of those schemes of assimilation goes hand in hand and with 
an aspect of accommodation of the schemes to the situation. 

Thus, when a subject takes cognisance of or relates to an 
object, there Is a pair of processes going on. It is not just 
straight association. There is a bipolarity, in which the 
subject is assimilating the object into his schemes and at 
the same time accommodating his schemes to the special 
characteristic of the object. And in this bipolarity and 
sharing of processes, there is already a factor of equilibration 
between assimilation and accommodation, t>iaget (1977,p,11), 
speaks of three kinds of equilibrium* The first one in the 
relationship between assimilation ahd accommodation, discussed 
above. The second kind of equilibrium is an equili^tiufti ampng 
the subsystems of the subject's schemes* In realit:^, the 
schemes of assimilation are coordinated into partial systems,- 
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rciferrecl to as subsystems in relation to the totality of the 
subject's knowlec^ge. These subsystems can present conflicts 
among themselves and as they evolve, there is a constant need 
for coordination of the two, that is, an equilibration of 
subsystems. The third kind of equilibrium in cognitive 
dovolopiTient appears to he fundamental^ Little by little, there 
has to be a constant equilibrium astahlishe^ between ^rt^. 
of the subject's knowledge and the totality of his knowledge 
at any giuan moment* Pascual-Leone and GoodmaiLXi9f7^p*3a4) 
explicate the notion of equilibration aa follows; 'it is an 
active disposition of-the psychological organism to 
spontaneously vinderga xeconstructions or struct ural abengas in 
order to <a) maximise the iattyrnal consistejDcy -aaBiong its 
functional parts^ <h> maKimiae ^adaptation in its deallaga- »ttb 
the environment, and (c) mioimise internal coa«>loxity in ibs 
organisation. 

1.2,2 Gtnges in cognitive development. 

The intellectual development model of Fiaget has 
suggested four major stogos. First is a sensorymotor stage 
which extends from birth to aboUt two years and which pcours: 
before the advent of lv?.nguag,e. This period ia characterised 
by what Piaget(1971) calls ‘sensorimotor IntelligeneeV^ which 
is a type of intelligence resultl^pg in a certain number of. 
performances, such as the or,nation, of relatto»shi|>s, 




¥ 
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the organisation of objects and a notion of their permanence, 
the organisation of causal relationships, etc. After the 
sensorimotor period around the age of two years, comes 
another period which starts with the symbolic function. This 
is called the 'preoperational stage’ since the child is 
capable of having representational thought by means of the 
symbolic function. The third period starts at around the age 
of seven or eight years and is characterised by the inception 
of operations. The term operation is obviously quite important 

on this intellectual development model. As Piaget (1964a, p.l7) 

- , — ^ 

has stated 'to know an object is to act on it'. Eventually 
a child reaches a point where he learns from the actions 
rather than just from the objects# When learners discover the 
properties of their, actions, they have begun to perform 
mental operations. An operation obviously is reversible and • 
is an interior!sed action (discussed in detail in the next 
section), Piaget describes the third stage i.e,, 'concrete 
operational' stage as follows; 'the first operations appear, 
but I call this concrete operations because they operate on 
objects and not yet on verbally ejtpressed hypotheses'. He 
describes the concrete operational thinker thus; 'in pnpiet to 
think children in the concrete stage need to have pbj;epts, in 
front of them,that are easy to handle or else be able to 
visualise objects that have been handled and that ate easily 
imagined without any effort'i In the last stage of the 

Piagotian model, formal opet^tional thought, individuals 
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think with verbally expressed hypotheses, A learner who has 
acquired formal operational thought will be able to visualise 
Newton's second, law of motion, relate the law of supply and 
demand to the movements of the stock exchange, appreciate the 
symbolism in a poem, succeed in Euclidean geometry, and 
construct the model of the atom from available data. This 
typo of thought is 'the stock in trade of the logistitian, 
the scientist or the abstract thinker' says Bruner (1977,p.37). 

i 

1,2.3 Mental operations. 

According to Piaget (Piaget, 1950; 1954a; 1954b; 1955; 
1957) and Ihhelder (Piaget and Ihhelder,1956; Irihelder and 
Piaget, 1958) actions performed by the subject constitute the 
substance or raw material of all intellectual and perceptual 
adaptation. In infancy, the actions in question are reT-atively 
overt, sensorimotor ones. With development, intelligent 
actions become progressively internalised and covert (Plavell, 
1963, p,182). As internalisation proceeds, cognitive actions 
become more and more schematic and abstract, broader in range, 
more, what Piaget calls reversible, and organise'^ into, systems 
which are structurally isomorphic, to logico-mathematical 
systems^. Thus the overt, slow paced actions of the neonate 
eventually get transformed into lightning-quick, highly 
organised systems of internal operations, Howf^yer^ despite the 
enormous differences between single sensor:^btdt adjustments 




and the abstract operations which characterise mature, logical 
thought, the latter arc as truly actions as are the former* 

During the first few weeks of life the child depends 
largely on reflexes, the most in5>ortant of which is the 
sucking reflex. Experience in using the sTocking reflex causes 
modifications of this inherited schema so that it becomes more 

7 

sophisticated . After the first few weeks, the Infant develops 
behaviour patterns that go beyond the primary reflex actions. 
Motor coordination develops that allows the child to place 
objects in the mouth and the first signs of curiosity in 
surrounding objects are observed. During the second year of 
life, the child searches for new things merely for the sake 
of finding out about new situations. Nearer the end of second 
year the child begins to show evidence that it can mentally 
represent objects that are no longer present. Tl^is symbolic' 
fxinction signals the beginning of representational thought. 

The thought is still very egocentric and •other' points of 
view are not within the child's frame of reference. The child 
during this stage is unable to reverse the order of events 
in thought and arrive once again at the beginning point. This 
feature of thinking from two to seven years of age is perhaps 
emphasised most by Piaget as the major obstacle to real 
operational thinking (Good,1977 p,l52). The first Operations 
appear at the concrete operational stage (refer sedtlon 1.2,1). 
Piaget has divided operations during the condret® operational 
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period into two main groups*, logical and infta-logical. The 
logical operations such as establishing one to one 
correspondence, adding and subtracting are not tied to any 
specific quantities, space, time, or the like as are the 
infra-logical operations (Good, 1977, p,153). Concrete 
operations require objects that can bo grouped or ordered. The 
concrete groupings involve reversibility by either inversion 
or reciprocity but not by a synthesis of the tVo as in the 
'formal' operations. The groupings are only siti^ile or 
multiple classifications rather than a complete combinatorial 
system. T^Tien the adolescent acconplishes a complete 
combinatorial system, problems of a concreto as well as an 
abstract nature can be solved. Propositional thought is 
characterised by a complete combinatorial system that allows 
for separation and control of variables and a generalised 
hypothetico-deductive approach to solving problems. For a 
concrete operational thinker propositional thought is limited 
by an incomplete combinatorial system, inhclder and Piaget 
(1958) have noted that one to one class multiplication is 
involved in siach an approach and the subject di^overs the 
combinations in a concrete manner. Sometimes, the .^twelve year 
old child will also include two by two class multiplication, 
but all combinations are not exhausted,. Propositional thought 
presupposes the ability to make all possible combinations 
even though it may not be possible to actually verify each 
one experimentally (Good, 1977 p,132),, 
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Piaget does not have arithmatical operations in mind 
so much as logical operations^ of which the most common 
example are sxich things as conjunction# disjunction, 
implications and the like (Halford# 1978 p.l2)* The conjunction 
of two things# A and B# is anything which includes A and B, 
an^ is v/ritten as A'B. Thus the conjunction of things which 
are 'red' and 'triangular' is all the things which are red 
triangles. The disjunction of A and B (AvB) is all the things 
which are either A or B. Thus the disjunction of red and 
triangle is all triangles# all red things# and all things 
which are both red and triangular. The implication# A irt^lies 
B (AoB)# means that whenever A occurs B occurs also, Halford 
(1978 p.l2) says that logical operations of this kind is a 
particular set of contingencies between events# which can be 
summarised in a form which is called a truth table. Below 
given is such a 'truth table' for conjunction (A»B), 
disjunction (AvB) # and implication (A^iB). 


Tabic 1.1 

Truth table for conjunction# disjunction# 
and implication. 


A B 

Conjunction 

A.B 

Disjunction 

AvB 

Implication 

A:>B 

MR 

1 

1 

1 


0 

1 

0 


0 

1 

1 

BD 

0 

0 

1 
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On the left are shown the two variables/ A and. B, 

They are variables because they have two possible values, 
present or absent (corresponding to true or false). Presence 
of a variable is signified by 1, absence by 0. All the four 
Gcobinations of presence and absence of A and B are shown. 

The next column shows whether each combination of values of 
A and B is consistent v^ith the concept of conjunction, "por 
instance, the first row shows that when A and B are both 
present, A and B (A*B) is true, as also are AvB and A9B. In 
the second row, when A is present but B is not, then A*B is 
not true, but A or B <AvB) is true. In the same case, A B is 
not true, because if A is present but not B, then it cemnot 
bo true that A irt^ilios B, Consider now the last row, when A 
and B are both absent, both conjunction and disjunction are 
false, but implication is true because this case is 
consistent with the proposition that A implies B, Each 
^concept In the truth table is a binary operation in that 
values of two variables arc mapped into a value of another 
variable. Thus table 1.1 defines three distinct operations 
(Halford, 1978 p,13). Actually sixteen such operations can 
bo defined by taking all possible assignments of thi^. kind; 
those arc the sixteen binary oper^tionp of propositional 
logic, which Piaget makes the basic b\iilding blocks of 

formal operations. The above discussion on the -Concrete 

‘ , ,, 

operational thought (four birapy.. operations), , and the fofWi^,! .-V,/;', 
operational (^xteen blnftir.Q^pcratioh¥‘X# fee... . . 
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brought out clearly with a couple of illustrations. Hunt (1961) 
describes the limitations of the concrete phase in dealing 
with these operations with the following example. He assumes 
that the propositions concern the class of animals which are 
divided into invertibretos (I) and vertlbratea (V). The class 
of animals is also divided into those which live on land and 
are terrestrial (T) and thoso which live in water and are 
aquatic (A), If a child in the concrete operational stage is 
given the task of describing the population of animals on a 
newly discovered planet# he would be limited to the empirical 
task of searching for animals and assessing them to the four 
classes based on a two-way classification with the following 
entries in the 2x2 contingency table: 


VT 

VA 

IT 

lA 


V 


But if an adolcLoent or adult in the stage of formal 
operations were given the same task he would be capable# 
theoretically, of generating all the various combinations of 
classes of animals which were possible, and would be able to 
set out these possibilities without the benefit of empirical 
support as given in table 1,2 (Seggie, 1978 pp,350-351), 




Table 1.2 


Possible combinations of classes of animals. 


1. 

No animals at all 

2. 

Only VA 

3. 

Only VT 

4. 

only lA 

5, 

Only IT 

6. 

VA and VT but no lA or IT 

7, 

VA and lA but no VT or IT 

8. 

VT and IT but no VA or lA 

9. 

lA and IT but no VA or VT 

10. 

VA and TT but no VT or lA 

11. 

VT and lA but no VA or IT 

12. 

VA, VT, and but no IT 

13. 

VA, VT, and IT but no lA 

14, 

VA, lA, and IT but no VT 

15. 

VT, lA, and IT but no VA 

16. 

All four classes 


' The sixteen binary operations, detailed in the above 
table, is constructed by taking each of the binaiy operations, 
shovm in table 1.1, and negating or inverting it, or by 
performing other transformations on it. These are operations 
on the four binary operations, one such transformation is 
called identity or null transformation (I) which preserves 
the original operation. The next possiblo- transformation is 
called the inverse (N), which negates each operation; e.g,, 
it turns A and B into not A or not B. The reciprocal 
> transformation (R) reverses the operation in a different way, 

I by inverting the individual terms, so that R (A*B) becomes 

f 

|a*B, The fourth transformation is actually the inverse of the 
I reciprocal, and converts A*B into AVB^ etc. Actually there is 
la simple rule for each transformations for the inverse, replace 
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all the Is in the truth table with Os, and vice versa; the 
pattern of Is and Os for the reciprocal is a mirror image of 
the pattern for the original operation, and the correlate can 
be found by simply taking the inverse of the reciprocal* 

These rules hold for all the sikteen binary operation glVen 
in table 1,2. This group of transformations on logical 
operations is what Piaget calls the INRC group. Mathematically 
it is called the Klein group (Halford, 1978 p.l5). 

» 

1.2*4 Transitions 

According to Piaget, there occurs major changes in the 
logical reasoning patterns, when the child transits from one 
stage to another* About the transition from one stage to 
another he says as follows: 'a phenomenon xdiich was noted 
ertpirically or else had been felt to be simply probable, sail 
of a sudden became logically necessary for the child from his 
point of view. This necessity comes from a closure, or 

,, completion of a structure’ (Piaget, 1971 p,5> . He continues 

|| 

to say that the feeling of necessity is neither ,a .subjective 
illusion nor an innate or a priori idea. It Is an idea which 
is constructed at the same time as the overall structures. As 

^14 - > tf ' 

K soon as a structure is sufficiently complete for closure to 
Roccur or, in other words, once the internal compositions of 
Bthe structure become independent and Independent of external 
■elements and are sufficiently numerous to allow for all types 
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of arrangements, then the feeling of necessity manifests 
itself, 'Thus stages are characterised by‘overall structures 
which become necessary but which are not so initially. Formal 
structures become necessary v»hen the structures of identity, 
of functions, etc., are complete; and those in turn become 
necessary when the sensorimotor functions are complete. But 
nothing is given in an a priori or innate fashion; nothing is 
performed or predetermined in the activity of the baby. For 
instance, we would search far and wide in the behaviour of 
the baby without finding even the rudiments of the group of 
four transformations, or of the combinatorial. These are all 
constructed and the construction - this I find to be the groat 
mystery of the stages - become more and more necessary with 
time. The necessity is the end of development, not at the 
point of departure. This then, is the model upon which we 
are trying to base our work and our experiments' (Piaget, 1971 
p,9), Kuhn (1979), says about transition as follows; 'what 
is initially a disturbance from the outside gives rise to 
simple regulations and then to more complex compensatory 
reactions. These condensations eventually reach a form having 
complete symmetry, and what are initial disturbances become 
systematic transforming agents within the system. In other 
words, they lead to an enriched, more highly differentiated 





structure 
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1,3 Logic and Content of an Individual's Cognitive Structure 

The development of an individual's Cognitive structure 
depends on the growth and development of his logical reasoning 

g 

and the development of conceptual structure , In other words, 
the cognitive structure of an Individual has a grammar and a 
content part. The grammar is the logical reasoning and the 
content is the conceptual frame. A minimum of grammar is 
required for the development of the content (assimilation) 
and it is through the construction of content structures that 
the logic developed from a qualitatively lower level to that 
of a higher level. Also, the conceptual structures undergo 

Q 

modifications as the logic develops . The truth of the above 
proposition can be brought out clearly by the following 
illustrations. An individual who has not yet developed the 
formal operational logic and who operate at the concrete 
level, will not be able to visualise Newton's laws of motion 
or the relationship between electronic configuration of atoms 
and their physical and chemical characteristics. Such an 
individual needs objects in front of him that are easy to 
handle, or else be able to visualise objects that have been 
handled and that are easily imagined without any effort, in 
order to think (Piaget, 1971 p,4). Development of the logic 
does not ensure the development of the cognitive structure 
unless the individual comes across such questions in his 
interaction with the external world. An adult who has 

I 
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developed the formal reasoning may not be able to discriminate 
between a planet and a star by looking up in the night sky or 
give reasons for the cyclic changes of the phases of the moon, 
if he had not asked himself questions concerning them and 
relevant observations. He might not have noticed the planets 
and the stars as his cognitive structure had not integrated 
such a concept, though he is capable of doing so since he 
has the equipment (logic) to do it* 

Piaget (1977), offers three interpretations for such 
anamolies. 'The slowness in development would be due to the 

I 

quality and frequency of intellectual stimulation received 
from adults or obtained from the possibilities available to 
children for* spontaneous activity in their environment. In 
the case of poor stimulation and activity, it goes without 
saying that the development of the first three of the four 
periods will be slowed down. Vfhen it comes to formal thought, 
there will be even greater retardation in its formation; or 
that perhaps in extremely disadvantageous conditions, such . 
a type of thought will never really take shape or will only 
develop in those individuals who change their environment 
while development is still possible' (p.7). The Interpretation 
would suggest that all normal Individuals are capable of 
reaching the level of formal structures 'on the condition 
that the social env ironment and acqu ired experience provide 
the subject with the cognitive nourishment and intellectual 
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stimulation necessary for such a construction' (p.8). The 
second interpretation deals with the diversification of 
aptitudes with age and that the aptitudes of individuals 
differentiate progressively with age. Some adolescents are 
more talented for physics or problems dealing with causality 
than for logic or mathematics, while others demonstrate the 
opposite aptitude. The third most probable interpretation 
would be that 'all normal subjects attain the formal operations 
stage if not between 11 to 12 and 14 to IS years, such would 
be true between 15 to 20 years. However, this would be 
dependent on their aptitudes and their professional 
specialisations and the manner in which formal structures are 
employed mav not necessarily be the same in all cases' (p. 9 ), 

1.4 Environment as a Major Influence on Cognitive Development 

The above discussion on the development of conceptual 
structures and the explanation by Piaget (1972) Indicates the 
Importance of social environment and acquired experiences on 
the construction of Structures in an Individual. In the case 
of an environment which provides poor stimulation and activity 
the development is retarded, wheteas an environment which 
dan provide cognitive nourishment and intellectual stimulation. 
Will aid development. The social environment would comprise 
of casual experiences and organised'experlences. Casual 
experiences include those experiences which the individual 
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derives from his interaction with other members of the society 
viz,> his parentsj siblings, peers, etc,; and with objects 
around him like books, magazines, play objects, etc. Such 
interactions though important in influencing one's cognitive 
development are less amenable to manipulation by external 
sources. The organised enviro«nent comprises of formal and 
non-formal educational settings. Such organised environments 
should provide cognitively noiirlshlng and intellectually 
stimulating experiences for an individual to interact and 
construct hi,s cognitive structures* 

1,5 Formal Education as a Potential Medium of an individual's 
Interaction with the Environment 


One of the main forms of organised social environment 
is provided by the formal educational system. Formal education 
aims at developing the personality of an individual which 
includes physical as well as mental development. Construction 
of cognitive structures forma a major portion of the 
development which includes the construction of logical 
reasoning and the development of conceptual structures, 

Kuhn (1979) and Kamii (1978) say that the promotion of formal 
operational reasoning should be the goal of education, 

Piaget's own views on educational objectives in modern society 
are probably shared by most educators today. According to 
him, ' the principal goal of education is to create men who 
are capable of doing new things, not simply of repeating what 
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other generations have done - ma®,^who are creative, inventive 
and discoverers. The second goal of education is to form 
minds which can be critical, can verify, and not accept every 
thing they aro offered. The great danger today is of slogans, 
collective opinions, ready made trends of thought. We have 
to be able to resist individually, to criticise, to distinguish 
between what is proven and what is not. So we need pupils who 
are active, who learn early to find out by themselves, partly 
by their own spontaneous activity and partly through material 
wo set up for them; who learn early to tell what is verifiable 

and what is singly the first idea tb come to them' (Piaget, 
1964a p.5), 

If the formal odiacation has to aid the construction 
of cognitive structures by the learner the curriculum frame 
should be a well connected network of theories, laws, 
principles, etc., and it has to take into consideration the 
level of abstraction the children of different grades are 
capable of. Overloading the curriculum with abstract concepts, 
especially to those grades where the children are incapable 
of showing formal reasoning, may aid neither the development 
of conceptual schemes nor the construction of logical 
structures. Also, the type of classroom interaction should bo 
able to provide a congenial atmosphere for the active 
interaction of the learner with the environment, Piaget 
opines; 'the question comes up whether to teach the structure. 
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or to present the child , situations where he is active and 

creates the structure himself, tHc goal of education is not 
to increase the amount of knowledge, but to create the 
possibilities for a child to invent and discover. TflOien.we teach 
too fast, we keep the child from inventing or discovering 
himself. Teaching means creating situations where structures 
can be discovered; it does not mean transmitting structures 
which may be assimilated at nothing other than a verbal level' 
(Duckworth, 1964). 


Engelmann (1971,p,120), says that there are five 
primary principles derived from Piagetian theory that describe 
development: 1) learning is suborflihated to development and 
not Vico versa, 2) learning is associated with developmental 

I t 

' Stages and these’^stage’s occur in ah invariant succession, 3) 
tho logical structure is not the result of physical experience, 
it cannot.be obtained by external reinforcement. The logical 
, structure is reached only through Internal equilibration, by 
self-regulation, 4) it follows that the only way to 'teach' 

. logical structure is through the process of Internal 
Iequilibration and self-regulation. Conversely, if one observes 
child v/ho has acquired 'logical' structure in connection 
fith a specific test, one could conclude that the child had 
acquired his skills through an internal process of self- 
f'egulation, and 5) the structures that are induced through 
Equilibration last a life time. 
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A great'deal of implications can bo derived from the 
above principles for the assessment of a child's development 

I 

and for curriculum development. The curriculum has to be 
highly flexible and dynamic. It has to take into account the 
logical structures of the learner and provide conflicting 
data or objects, through the manipulation of which cognitive 
conflicts are created or demonstrate phenomena which would 
induce cognitive conflicts, so that the self-regulatory 
mechanism of the learner is activated. In short# the basic 
principle of curriculum development# which includes the mode 
of classroom instruction, would be to provide an environment 
for the learner so that he undergoes the process of scientific 
inquiry and constructs cognitive structures through the self- 
regulatory mechanism. 

Hooper (1968), stresses accurate Sissessment of the 

I 

, child's cognitive structure at a given point of time or 

5 development. The curriculum sequence should be designed in 
t accordance with the child's changing cognitive status. The 

C task of a teacher becomes one of relating the measures of 

6 

g cognitive function and structure to classroom requirements and 

■ schedules and the Piagetlan tasks are viewed as diagnostic 
Rtools for educational assessment, Plaget(1962) # otiticises 

Ik, 8 

■ the school system for inhibiting the child's spontaneous 
■development. 'Piaget's tasks could be valuable adjuncts to 
■those measures designed to determine grade ©r leVel 


K' u 
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placements^ subject matter readiness, and corrective or 
remedial instructional programmes. These considerations apply 
to such topics as quantity-number readiness, scientific 
concepts, and causality relationships which have a rather 
direct connection with their respective curriculum areas 
(Hooper, 1968 p,424). The particular stage specification 
indicates when to intervene and what to present for the 
content area in question. While many topic areas are directly 
inferable from the content specific areas mentioned earlier, 
Piaget's system also includes a more general curriculum 
directive. 'The great power of Piaget's model lios in its 
inherent generality and potential application to a broad range 
of achievement areas subordinate to logical thought processes 
or reasoning' (p,425). The above statement may be further 
explained with an illustration. A concrete operational 
student is capable of certain functional capabilities 
including multiple classification and the ability to perceive 
and utilise reversible transformations. Training in these 
particular functional sJ^ills through content oriented problems 
should aid the assimilation of conventional scholastic areas 
into the learner's cognitive structure. In short, concretisation 
of content structures should help the loarner assimilate these 
into his cognitive structure. But, a mere didactic presentation 
of a perfectly organised content sequence would not aid 
development. Piaget (1964b), is quite clear regarding the 
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value of straight forward didactic presentations, 'Experience 

is always necessary for intellectual development . but I 

fear that we may fall into the illusion that being submitted 
to an experience (a demonstration) is sufficient for a subject 
to disengage the strxocture involved. But more than this is 
required. The subject must be active, must transform things, 
and find the structure of his own actions on the objects' 

(Piaget 1964a p.4). It is this cognitive reorganisation by 
'self discovery' in the classroom which Piaget stresses as a 
crucial element. The above contention may be further elaborated 
with an example. For the concrete operational child, an actual 
concrete manipulation of the objects or task material is 
required for his self-discovery. This, in the case of number 
training, addition-subtraction and multiplication-division 
experiences should be provided such that the child can actually 
perform them and reverse their activities. Similarly, multiple 


; classification experiences could be ordered in terms of 
fi increasing complexity with the children actually constructing 
p and reconstructing matrices on the basis of single-dimension 

i ttributes. Formulation of such tasks would demand considerable 
ngenuity on the part of the teacher to analyse the content 
0 be learned in terms of the operations implicit upon it. 
aving done this, the teacher will have to arrange the learning 
aterials so that these operations can actually be carried 
ut by the student himself (FlavelX, 1963 p.368)„ 
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'l,6 Can Mental Operations be Induced? 


This is a highly controversial question in the 
Piagetian theoretical framework. Piaget himself is silent on 
the question. This may be because his theory of cognitive 
development could not accommodate the factors which stimulate 
cognitive development. This observation is based on Piaget's 
reaction to the question of how transition from one stage to 
another occurs. Piaget (1971 p,9) says that the necessity for 
construction of structures from within the individual and he 
admits that this is 'the great nysteiry of stages'. Inhelder 
and her collaborators have later refined the Piagetian 
theoretical framework and the question of the acceleration 
of reasoning patterns seems to find a place in the reformed 


theory, Colldrier (1976), says that recent studies on 

4 

transition seem to show a common process behind the 
construction of new rules and concepts by an individual. He 
says that new rules and concepts arise from recombination of 
the ones that are presont* This recombination relies heavily 
cn the existence of a general-purpose representation system 



that can code both actions and situations, and a pattern 
recognition device that acts on these representations to 
produce rules and concepts - that is, higher ordor entities 
such as prescriptions and descriptions. This means the 
representation system must have some capacity to accommodate 
new types of input: it must itself be adaptive, Finally, 


' ^ i^i!i 
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there must exist a decomposition and recombination device 
th&t acts on these descriptions and prescriptions to generate 
new ones. The actual choice as to which combination should 
be generated would have to be based on the construction of a 
succession of partial, reorganised representations (structured 
models) of the relationship between prescriptions and 
descriptions. The selection of the adapted combination would 
depend on an evaluation of their effects on the (external) 
problem environment, this evaluation being used to update the 
internal model and start a new recombination sequence. This 
cyclic chaining of external observations and internal 
coordinations is emphasised in Piaget's recent reformulation 
of the equilibration model. This type of analysis gave rise 
to a picture of cognitive development as a parallel evolution 
of cognitive categories, each composed of a noat filiation of 
progressively stronger structures. It has been recently 
^ complicated by the discovery that many different schemes and 
concepts may be a.plied by the child to tlie same problem, 

\ that the different cognitive categories seem to evolve at 
slightly different rates. The not result is that later&l 
interaction between precursors appear at the decomposition 
and recombination level. These interactions take place 
between elements that are heterogeneous in two v/ayss 1) they 
originate from different categories; and 2) their degree of 
conpletion are not nocessarily the same. Thus, Piaget's 
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picture of development now inoorporatee vertical relations 
(Intraoategory filiations) horizontal ones (Interoategory 
filiations), and oblique ones (Interactions between elements 
of different operatory levels)- (Cellerler, 1976 Pp.«.42). 

The question of Inducing the construction of logical 
operations seem to have more relevance In the reformed 
Plagetlan theoretical framework described above. The 
decomposition and recombination model seems to accommodate 
this questloni Also, the cyclic chaining of external 
observations and Internal coordinations seems to accomodate 
the same question better than the classical equilibration 
model. The above observations are based on .two reasonst 
1) the dcccmposlUon-recomblnatlon model offers the posslblUti 
of the breaking down of the Internal contradictions In the 
instructed cognitive structures of an Individual on the 
jasis of a dialectical feedback-evaluation relationship 
■etween the external problem environment and the internal 
el, 2) the idea of filiations which strengthens the 
(ruotures, gives room for secondary construction on the 
initlve structures which at a later point, of time may be 
composed and recombined, such a concept gives scope for 
>rners constructing augmentations to a structure at that 
Int of time when he Is confronted with a problem, 

A subsequent question that arises to the question of 
Iduolng- Is how far one can induce. Is It Infinitely 
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possible to Induce the construction of logical operations? 

In other words, can formal operations be induced at a very 
early stage of development of the child. Perhaps the answer 
is that infinitely one may not be able to induce the 
construction of logical operations. At least the theory does 
not permit this. So, within certain limits one may be able 
to Induce cognitive development if the learners are provided 
with the right type of environment, and their cognitive 
equipment is ready for transformations. Duckworth (1979 p.302), 
discussing on the dilemma of 'applying Piaget' asks a 
similar quostionj 'Is it possible for a child's understanding 

. necessary relationship to evolve in ospecially 

r-’Qvisca situations more than it would spontaneously?» and 
she says that it is not the pressure of data that gives rise 
to the understanding, it is, on the contrary, the child's 
own struggle to make sense of the data. Talking about 
accleration she says: 'in every case where acceleration takes 
place, it results from a conflict arising in the child's own 
mind. It is the child's own effort to resolve a conflict that 
pakes him or her on to another level'. Piaget questions the 
I effect of stimulation on the child's initiative. He asks 
J 'when some notions are facilitated by learning everts, whether 
I they can serve as points of departure for new, spontaneous 
I constructions, or whether the child will then tend to depend 
I upon outside provocation tether than bis or her own initiative 
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in pursuing the relationships among Ideas'. Duckworth (1979 
p.311), concludes the discussion by saying that 'learning In 
school need not and should not be different from children's 
natural forms of learning about the World. We n.'-ed only 
broaden and deepen their scope by opening up parts of the 
world that children may not, on their own, have thought of 
thinking about'. She does not mention about any specific 
ways of deepening the children's scope of 'opening up parts 
of the world'. However, specific ways and means of inducing 
the construction of cognitive structures are discussed in 
the following chapter in the form of en^jirlcal evidences. 


Notes 


1, Here, the 'hxaraan mind* is not to be taken as an individual's 
mind, but, the mind of the human species, 

2. Here, 'cognitive structures' refer to an individual's 
construction of logico—mathematical structures and the 
construction of physical reality by actively interactino 
with the environment. 


3. Hore, the period. 9-12 months is not to be taken as referlng 
to an individual child's development. Rather, it is the 
norm for that population, 

4. The use of the term 'stage' should not be taken to implv 

that the development in question is a sudden ^ffealr. The 
term refers primarily to a similarity in the un<aeriying 
process of the reasoning (structure) and presumably, to 
an organisation of nervous prpcess that is common to all 
and only secondary to a relative synchronicitV of 
development. ^ 

5. Here the term 'scheme' re;ters to a systenratits oir orderly 

arrangement of the elements of a body of knowledge*..- , - 
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6, The logico-mathematical system or logico-raathematlcal 
structures are progressively constructed by an individual 
through his cognitive action with the environment, 

7, Here the term 'schema' refers to Piaget's term for the 
sensory motor coordinations present within the child at 
birth, 

8, Here the term 'logical reasoning' or 'logical operations' 
refer to any computational operation such as addition or 
subtraction, or non computational operation such as, 
comparing, selecting, and extracting, 

9, Here the 'conceptual structure* refers to the idea of 
hierarchical nature of concepts of David Ausubel, 


REFERENCES 


BRUNER, J.S. The Process of Bducation, Cambridge: Harvard 
University Press, 1977, , 

CELL^rier, G, "Information processing tendencies in recent 
experiments in cognitive learning - Theoretical 
implications." In B, INHEliDER and H.H. CHIPM/vN (Eds,). 
Piaget and His School, New York: Springer Iferlag, 

1976, pp. 36-44, 

DtCKt-’ORTH, E. "Piaget Rediscovered", Journal of Research in 
Science Teaching, 2, 172-»175, 1964, 

DUCKt'i'ORTH, E. "Either Ue're Too Early and They Cant Learn 
it or v-e're Too Late and They Know it Already: The 
dilemma of 'Applying Piaget'." Hairward Educational 
Review, 49, 297-332, 1979, 

vELKlKD, D, "Editor's Introduction," in Six Psychological 
Studies, New York; Random House, 1967, 

ENG 3 LMPi^^N, S.E, "Does the Piagetian Approach Inply 

Instruction"? In D.R. GREEN (Ed,) Measurement and 
Piaget, New York: McGraw Hill, 1971 

FELDMAN, A, & P, FORD, Scientists and Inventors, Londons 
Aldus Books, 1979, 

v<FLAVELL, J.H. The Developmental Psychology of Jean Piaget, 
New Jersey: Van Nostrand^ 1963, 





34 


GOOD, R.G, How Children Learn Science, New YorksMacMillan, 
1977. 

H.'\LFORD, G.S. "The Structural Approach to Cognitive 
Development." In J.A. KEATS,, K.P. COLLIS, & 

G.S. HALFORD. (Eds.). Cognitive Development, New York; 
John Wiley, 1978. 

'Cooper, F.H. "Piagetian Research and Education." In 

I.E. SIEGEL and F.H. HOOPER (Eds.) Logical Thinking 
in Children, New York: Holt Rinehart and Winston, 1968. 

HUNT, J. Intel legcncG and Experience. New York; Ronald 
Press, 1961. 

•/I^WELDER, B« "Some aspects of Piaget's genetic approach to 
cognition," In Cognitive Development in Children - 
Five Monographs of the Society for Research in Child 
Development, Chicago; The University of Chicago Press, 
1970. p.26. 

\/il'iHELDER, B. & J, PIAGET. The Growth of Logical Thinking 
from Childhood to Adolescence, New York; Basic Books, 
1958, 

JKAMII, C. & R. DeVRlES. Physical Knowledge in Preschool 
Educations Implications of Piaget's Theory: Prentice 
Hall, 1978, 

KOESTLER, A, The Sleepwalkers; A History of Man's Changing 
Vision of the Universe, London: Penguin Books, 1959. 

i 

•'iCUHN, D. "The A])plication of Piaget’s Theory of Cognitive 
Development to Education," Harward Educational Review, 
49, 340-360, 1979. 

KUHN, T.S, The Structure of Scientific Revolutions. 

Chicago; Chicago University Press, 1962. 

PASCUAL-LEONE, J. & D. GOODMAN. "Intellegenee and Experience: 
A Neopiagetian Approach." Instructional Science,8,1979. 

PL'^lGET, j. The Psychology of Intelligence, New York; 
Haedcourt, Brace, 1950, 

^PIAGET, J. The Construction of Reality in the Child. 

New York; Basic Books, 1954a. 




35 


PIAGET, J, "Perceptual and Cognitive (or operational) 

Development of the Concept of Space in 

of the Fourteenth International 
Congress of Psychologists, 1954b, pp, 41-46. 

PIAGET, J, "The Development of Time Concepts in the Child " 

Childhood°^w 5 (Eds.). Psychopathology of 

Childhood, Nqw York: Grune & Stratton, 1955. pp. 34-44, 

PIAGET, J, Logic and Psychology. New York: Basic Books, 1957. 

Vygotsky's critical remark concernina 
The Language and Thought of the child', in ^ 

Language, Massaoheutes: 

PIAGET, J. "Development and Learning." In R..E, RIPPLE & 

• Ithaca, Cornell University, 1964a, 

'ypiAGET, J. "Development and Learning." Journal of Research in 
Science Teaching, 2, 176-186, 1964b. Research in 

PIAGET, theo^ of Stages in Cognitive Development." 

McG?aw‘Hlll!^”i 97 lf’ * Piaget and Measurement, New York: 

^^’^lAGET, J. "Intellectual Evolution from Adolescence to 
^ Adulthood, Human Development, 15, 1-12, 1972, 

|p^IAGET, J. "Piaget's Theo^." m B. INHELDEl & H.H. CHIPMAN 
® (Eds,), Piaget and His School - A reader in Develoomental 

Psychology. New Yorks Springer-Verlag, 1976, 

PIAGET, J. "Problems of Equilibration." In m.H. APPel & 

Topics in Cognitive Development, 
Vol.l, New York; Plenum Press, 1977. 

|cAGET, J. & B, inheldER. The Child's Conception of Space, 
vt: London; Routledge and Kegan Paul, 1956, ^ 

3INS0N, J.T. The Nature of Science and Science Teachino, 
California; Wadsworth Publishing Co,, 1968. 

Jqgie, j.l. "Formal Operational Thought," In j a ic?ats 
^^ 286 ^* 1977 ^^^^^ Damark. Science Education, 61, 279- 


^ 1 ?,' 




36 

CHAPTER II 
feMPIRICAL EVIDENCES 

2.0 Introduction /■ 

The previous chapter describes the Piegetian cognitive 
development model and discusses the possibility of 'inducing' 
cognitive development (within certain limits) as a theoretical 
proposition. What is presented in this chapter is an 
empirical support to this proposition in the form of a 
review of reseajrch reports. An exhaustive survey of related 
studies is not attempted as there are umpteen studies. 

Instead, a few exemplars are chosen to show a trend in the 
evolution of 'acceleration studies' (though not in a 
chronological order), with a view to deriving certain 
principles for the development ef a classroom instructional 
modul which would aid cognitive development. The studies 
reviewed in this chapter arc broadly classified into two 
classes viz,, 1 ) studies conducted abroad and 2 ) studies on 
Indian population. In the latter class all types of 
Piagatian studies are included to indicate the status of 
researches related to a Plagetian framewor)^ in India, 

2 . 1 . Effect of Structured Experiences on Reasoning 

In the '50s and ' 6 O 5 , a number of investigators tried 
to induce Piagetian epneapts under laboratory conditions. 

Those attempts 1«>a;re'(Goldschmid, ig7l 
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p.104). yiavell (1963), has rovievred these early efforts and 
concluded that "Piagctian concepts have so far proved 
inordinately difficult to stamp in, whatever the training 
procedure used" (p.378). But, if one closely examines these 
studies reviewed one can find that the training procedures 
used were more or less "po.rfect roads to learning". That is, 
the learning sequences are arranged in a perfectly logical 
mannr:r (according to the logic of the one who frames these 
sequcncGs and not according to the logic of the learners). 
Sovecal attempts were made by researchers in the *70s also 
but, they met with little success. Nous and Raven (1973), 
studied the effect of structured learning sequences on the 
reasoning of V, VII and It graders. They report that only a 
few of the IX graders could benefit from the training and 
none from the V or the VII. They attribute the difference 
to the reasoning abilities of the students boforo training, 
Hammon and Raven (1973), report that only a few among grade 
VIII students who were capable of formal reasoning could 
■improve their reasoning through structured learning 
sequr.nccs. Hall (1973), attempted to improve the conservation 
ability in the VI and VII graders through six months of 
teaching elementary chemistry using programmed instructional 
matecial. He found that they did not attain conservation of 
chemical identity in spite of prolonged treatment. W&lKer 
i (1979), tried to study the effect of readymade learning kit, 
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on genetics on Piagetian cognitive development in college 
students. An ‘unexpected finding' of the study is that the 
ability of students to operate at formal level is not 
relatea to the learning of problems. Lehman(1980) failed to 
aid the cognitive development through an audio-tutorial 
instructional strategy, though the individual was the focus 
of the instruction. Levine and Linn (1977); and Linn(1980a), 


reviewing studies conducted to in^rove reasoning through 
structured learning sequences in science and mathematics 
related concepts mention that these studies could produce 
only very limited success. They mention that such structured 
sequences may bo beneficial to those who alrady show signs 
of formal reasoning and not to the concrete operational 
loarnors. The above statement is supported by a few empirical 
ovidcncGS. Biran constructed a successful learning programme 
which demonstrated the designing of experiments, the testing 
of hypotheses and the drav/ing of conclusions. Groy found 
that adolescents, subjected to programmed texts for training 


judgement, obtained higher scores on thinking problems. 

I Anderson administered instruction in thinking to pupils and 
the results showed considerable influence on the maturity of 
I judgement. Stones gave programmed instruction in relevant 
historical concepts and increased tho maturity of historical 
judgement in a group of secondary pupils (Modgll and Modg il, 
1976 p.177). A few observations that could be made regarding 
those four studieaAvMhloih differentiate them from the studies 




reported earlier, are; 1) these programmes have incorporated 
an element of discovery 2) they were problem oriented and 
3) these programmes were presented to learners who had shown 
signs of formal operational reasoning, Linn (1980c), comments 
on the failure of instructional strategies by saying that 
students do not get a clear idea as to how they can use the 
learnt strategies to now problems since the problems given in 
the strategies are not formulated by them. Rather these 
problems are presented to them, Linn (1982), on reviewing a 
few more studies mention that instruction which combines 
strategy training with application training succeeds more 
consistently than either by itself, Linn and Thier(1975) and 
Linn (1980b, 1980c), suggest that success can be obtained 
bettor with instructional interactions involving effective 
diagnosis of the inaccurate rules used by the students, 

Lehman (1980) attributes lack of flexibility in the strategies 
to the poor performance of students in reasoning tests. 

The failure (mostly) of adolescent students to improve 
their reasoning with these structured instructional strategies 
shows the importance and need of 'active participation' (in 
the cognitive sense of the term) on the part of the students 
in order to develop their cognitive structures or reasoning 
patterns I, Prestructured problems may not appeal as problems 
to the students. The findings are in agreement with the 
theoretical contention by Piaget that 'to know an object, Is T'i;' 
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to act on it - to modify it^ to transform it# to understand 
the process of transformation and in turn to understand the 
way it is constructed. Operation is the essence of knowledge - 
an interiorised action which modifies the object of knowledge. 
Operation is interiorised but reversiblo action. This does 
not occur in isr^iation but as part of the total structure 
with logical interlinks. These operational structures are the 
basis of knowledge' (Piaget# 1964 p.l81). Prescribed 
problems may remain isolated from the learner's cognitive 
structure unless he acts on it and the problem occurs as a 
hunjle in the way of explaining a phenomenon. The problem 
designers frame the problems according to their cognitive 
structures which are not likely to appeal as problems to the 
learners# since the problem designers have made no attempt 
to understand the cognitive structures of the learner. About 
the difficulty in one individual organising experiences for 
another# Dali (1972) says# "there is a strong temptation to 
assume that presenting subject matter in its perfected form 
provided a royal road to Ivamlng. This is the difficulty 
with programmed instruction, or even with text book 
instruction. However, there is also another temptation for 
all goal oriented educators# and that is to assume that the 
psychological organisation can be done# or made more 
efficient# if one individual does it for another. But the 
very nature of the concept requires that the ind,ivid\ial does 
his own organising. Not only is there no royal road to 
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learning, neither are there maps which the individual must 
merely memorise", 

2,2 Previous Knowledge on Learning 

The failure of structured learning sequences in 
effecting cognitive modifications may be attributed to 
different reasons. For instance, prescriptive problems do 
not appeal as problems to the st\idents, as they do not get 
the opportunity to organise the structure of concepts. Rather 
it is already organised for them. This Indicates the need 
for understanding the cognitive structures of the learners' 
prior to instruction. In this context, an obseirvation' on 
Ausubel's theory is of relevance. 'If I had to reduce all 
the educational psychology to just one principle, I would say 
this! The most important single factor influencing learning 
is what the learner already knows. Ascertain this and teach 
him accordingly' Ausubel (1968), 

Posner et, al,(l982), stress the importance of using 

i t students prior knowledge in developing learning strategies. 
They developed a model of learning where learning is not 

■w. 

g simply an addition of bits of information, but involves the 

I 

f'' interaction of new knowledge with the existing knowledge. 

I''- 

They report a little success in developing cognitive 
i structures using this model, Hewspn and H ewson(l983), using 
S the same model of strategy development conducted an 
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experiment which reveals that learning strategies developed 
on the prior knowledge of stiadents aided cognitive 
development whereas strategies developed without considering 
the prior knowledge of students failed to do so. Pines(1978), 
developed an audio-tutorial instructional package in science 
concepts based on the prior knowledge of learners. On 
studying the relationship between prior knowledge and the 
development of cognitive structures he reports that, 
relationships exist between prior knowledge and resulting 
cognitive structures subsequent to instruction because 
relevant cognitive structures affect learning. Others who 
report similar findings are: Wesney(1978) and Schwartz(1980), 

2,3 Existing Structures Influence Development 


Piaget calls his developmental epistemology "naturalist 
but not positivist". Cognitive behaviour is an outward sign 

I of the assimilatory and accommodatory capacities of a living 

% 

r- organism. The biological aspect of Piaget's theory is often 
f-- difficult to grasp for those psychologists who believe that 


a 



mental development is infinitely malleable under favourable 
conditions and with adequate teaching methods, and who arc 
convinced that what they think of as errors of growth can 
easily bo correctc-d. A biologically inspired theory that 
uses concepts such as assimilation, accommodation, and 
schemes is very different from a learning theory that tries' ' 
to account for coghitive development in terms of 
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associations, connections, and conditioning. The latter type 
nf mechanism always suppose that two events are United in the 
subject's mind because he has passively submitted to an 
outside pressure connecting the two. The concept of 
assimilation, by contrast, supposes that the subject actively 
assimilates a n*w event to already existing structures* There 
is thus an interaction between the knowing subject and the 
objects that are to be known. As knowledge of theso objects 
pr'^CGcds, the subject's activity becomes better and better 
organised. This justifies Piaget's theoretical distinction 
between two types of knowledge: logico-mathematical knowledge 
and the knowledge of the physical world, "Prom the Piagetian 
point of view, these types of knowledge arc the result, on 
the one hand, of the organisation of the subject's activities 
(logico-mathematical knowledge resulting from reflective 
abstraction) and, on the other hand, of the knowledge the 
subject gains about the object's properties (knowledge of the 
' physical world resulting from physical abstraction))" (Inhelder, 

I 1977 p.54) . 

The alpove discussion clearly indicates the importance 
of Icgico-ma-thematical knowledge in addition to the knoyrlodge 
of the physical world in the construction of cognitive 
Structures, How the dialectical relationship between these 
two knowledge structures influences the cognitive development ' ; 
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is brought out through the following empirical evidences and 
many others discussed in the sections to follow. 

Nurren bern (1900), Investigating the problem solving 
behaviour of concrete and formal operational high school 
chemistry students, reports that formal operational students 
approach the problem differently from concrete operational 
students. The formal operational students are able to reshape 
the problem and derive more meaning out of it whereas concrete 
operational students fall to do so. Morin (1978) also reports 
similar findings after investigating the problem solving 
abilities of different students using problems requiring 
formal thinking abilities. Barber (1980) studying the 
relationship of differential treatments with concrete and 
formal biology concepts using concrete and formal language 
on the cognitive development of concrete and formal 
operational students, reports that concrete operational 
students could construct concrete concepts when taught 
through concrete language whereas they fail to con-'struct 
formal concepts either through formal or concrete language. 
But, formal operational students benefited from both the 
treatments. Hayes (1980), studle'^ the effect of two methods of 
instruction in the achievement of formal and concrete 
operational thinkers and reports that the teaching m^®ibds 
did not make any difference to the concrete ansi formal 
operational students. He mentions that the cognitive level 
of the learner and the suitability of the cohc^tual tewl 




45 


of the material to be learnt seem to be important factors 
rather than the moc^e of instruction. Besmajian (1978) , gave an 
audio-tutorial paclcagc to the concrete as well as the formal 
learners and found that the formal learners gained better 
from the package* He attributes the difference to the 
differ‘.'>ncG in the cognitive capabilities between concrete and 
formal learners, Pastore(1976)> gave differential treatment 
to early concrete operational and early formal operational 
students. Concrete organisers were presented to concrete 
loarners and formal organisers to formal learners* He reports 
that concrete learners having received concrete organisers 
performed at a higher level than those who received formal 
organisers and. early formal students performed better having 
received abstract organisers. The above studies clearly 
indicate that a minimum of development of the Ingico-t 
mathematical structures are required for the assimilation 
of abstract concepts or for the construction of abstract 
structures. 

2,4 Role of Manipulation of Objects on Cognitive Development 
The equilibration model of Piaget clearly indicates 

i 

the irr^ortance of 'acting upon' objects and ideas. Researchers 
who attempted to show differential effects for concrete and 
formal students with the manipulation of models are Sheehan 
(1970) and Goodstein and Howe(1978). Sheehan found that 
manipulation of models was beneficial for both concrete and 
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formal thinkers whereas Goodstein and Howe found that only 
the formal students benefited from manipulation. Gabel and 
^erwood (1980) hypothesised that prolonged manipulation^ of 
models might develop the reasoning of concrete students. He 
taught chemical concepts to high school children by allowing 
them to manipulate objects for almost one year and found 
that concrete and formal students benefited. Cantu and Herron 
(1978), identified concrete and formal operational students. 

they found that concretisatlon of concepts helps both types 
of learners. 

The above mentioned atudles Bupport the theoretical 
contention that concrete operational learners may fail to 
deduce propositional generalisations out of the manipulation 
with concrete objects, though they may be successful in 
: making concrete generellsations. In order to help concrete 
I learners the conorotlsation of data might have to be done 
I in such a way that the data presented conflicts with their 
I cognitive structures. Several such attempts at creating 
cognitive conflicts might Initiate changes in the cognitive 
structures of such learners to resolve their conflicts and 
discover a new rule. The newly transformed cognitive 
structure may be able to assimilate the new set of 
observations better. The above mentioned studies do not report 
such discoveries by the students except, perhsps,. .by 
ebel and Sherwood where the discovery is mBTO»k'us'to 
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prolonged treatment rather than the manner in which data was 
supplied to the learners, 

2,5 Discovery Learning on the Development of Reasoning 

Discovery learning is one of the most widely used 
techniques to improve reasoning. A wide variety of discovery 
techniques are used by different researchers, ranging from 
discovery through prescriptive problems, guided discovery, to 
pure discovery where the learner frames problems on his own 
and goes on solving them on his own. From an instructional 
point of view two types of problems are used in discovery 
1'arning by researchers viz., 1) using puzzles or riddles to be 
solved by the learners (Boasloy, 1979) and 2) where problems 
related to classroom instruction are used. 

^o^r^gue^and Lovoll (1983), tried to iirprove the 
classification ability and science vocabulory in grade III 
children using an enquiry approach to teaching and found that 
through such instruction learners improve the^r classification 
ability as well as their science vocabulory, other studies 
which report similar findings are Salib(1979) who reports 
discovery better than expository in accelerating reasoning 
and Bachuroff (1980) who reports that inquiry based laboratory 
investigation enhanced the cognitive development of learners, 

charoenpit (1979), taught concrete and formal 
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operational students using enquiry and traditional methods. 
The design of the stxidy was a 2X2 factorial design. He found 
no difference between traditional and enquiry approach, A 
similar study is reported by Schneider and Renner (1980) 
where they compare enquiry approach to exposition. They 
taught four physics units to two groups of IX graders, (80% 
of them concrete operational) using the differential 
treatments and found that there was no significant difference 
between the two groups in achievement and intellectual 
development, Blake and Nordland (1978), found no development 
in a sample of college freshmen vrtio were taught through 
enquiry approach. Other studies which raport similar 
findings are: 1) Bock (1980), who reports no difference 
betwcon traditional laboratory approach to teaching and 
enquiry laboratory approach to teaching; 2) Johnston-(19S0), 

>1 -■III . . ,1.1-- 

r, ' 

r who reports that enquiry Is suitable only to those ^tudeijtjgi-. 

I 

I who are capable of formal reasoning; and 3) Wise (1979>.^0 

I I reports tViat only formal operational students could diacoVer 
rules of formal nature. Wolfinger <1979), tried to.trairi 
young children (III and IV graders), on physical ' 

I using science teaching with a,discovery approach apd, he 
I failed. The failure is a ttributed to the, lack of 
j of proper cognitive structures,in the learners,^,, 

(1980) could develop ' physlcel,.,causality• 
success is^att?-ibuted to, studenije. ^eja.spIves, 


' !•; 


VI 
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hypotheses and testing them. Abdullah and Lowell(1981), 
succeeded in making 5-6 year olds make concrete 
generalisations about 'insect' and 'animals' using coloured 
pictures and models. 

The two groups of studies discussed above seem to 
„display a contradictory picture regarding the effectiveness 
of 'enquiry approach' in the development of cognitive 
structures. But, if one closely examines these studies, they 
indicate that a mere discovery approach to instruction may 
not aid cognitive development as hypothesised by many. This 
is mainly because of the lack of 'appeal' the prescribed 
problems have to the cognitive structures of the learners'. 
in other words, the prescribed problems may not appear as 
•problems' (in the cognitive sense of the term) at all to 
the learners who have not acted on the information provided 
to derive a problem. Still, through a prescribed route of 
finding results they may succeed in finding solutions. But, 
the process of tackling a problem on finding alternate 
solutions and testing them remains alien to their cognitive 
structures. Mayeri l983), reviewing discovery learning 
literature on science-oriented learning tasks reveals that, 
•discovery, sometimes resulted in high performance and 
sometimes seemed to fail. Pure discovery does not t 5 ike care 
of the previous knowledge - guided discovery is better. There 
is a clear and consistent evidence for the superiority of 
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guided discovery procedures* (p.226). In order to aid 

development the problems will have to emerge as problems or 

hurdles when the learner tries to explain a certain set of 

data by acting upon the data with his cognitive structure. 

The above statement is supported by the study conducted by 

Bady(1979a), He says that previous researches show that high 

school students even after training fail to understand 

hypothetico-deduction. He encouraged DC graders to formulate 

/ 

hypotheses to problems and test these hypotheses at their own 
speed and will and reports that cognitive development occurred. 

That is, they developed thoir combinatorial reasoning ability 

to a formal operational level through this hypothetico- 

deduction exercises, Bady(1979b), shows how the ability to 

test hypotheses can be developed in high school students by 

posing problems that suit the cognitive structures of the 
learners*. 

2,6 Creating Cognitive Conflict as a Means of Cognitive 
development 

\ 

Cognitive conflict arises when a learner comes across 
an information which creates a dissonance with his’previously 
held notion or assumption. There can be three possibilities 
when a learner comes across such an information 1) it is 
rejected as invalid,2) the existing cognitive structure is 
stretched to assimilate the contradictory inforttiatibn (here 
the cognitive structure is not modified tb acgowdate the ' " 
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conflicting data) an^ 3) there arises a need to transform his 
cognitive structure whereby he can accommodate the new 
information. By the third alternative the cognitive structure 
develops state of lower equilibrium to that of a higher one. 

The second alternative gives scope for creating further 
cognitive conflicts because the 'stretched cognitive structures 
are unstable and are more prone to development than the cases 
where the learners offer the first alternative to conflicting 
information. 


Cognitive conflict was used by Gr^ien(l965) to develop 

conservation of number in children of the age range 5-6 years 

with success. Smedslund (1961a, 1961b) succeeded in developing 

conservation of substance and weight In children between the 

age range five years six months, and six years six months 

using a cognitive conflicting treatment. Mermelstien and Mayer 

(1969) used similar instructional situations to develop 

^conservation ability like conservation of number, length and 

area to children of different age groups with success. 

.Inhelder and Sinclair(1969) developed a strategy for inducing 

cognitive conflicts. Strauss(1972) used this strategy for 

developing the concept of 'animism' in young children of the 

age range seven to eight years. He could develop the concept 

|n them. Bredderman (1973) used a similar strategy of teaching 
|:o develop the ability to control variables araong yovmg 

Adolescent children wi th success, other studie s which repert 

( National Institute of Educatiw 
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similar findings using cognitiv© conflict stro-tsgy ar© 

Inhelder et. al, (1974); Karmiloff-Smith & Irihelder (1974); 
Strauss and Ilan (1975); Murray et. al. (1977); Snyder and 
Feldman (1977); and Johnson and Howe (1978). 

Almost all the above mentioned studies were conducted 
under laboratory conditions and the individual children were 
given training alone or in small groups of two or three. The 
question of whether such a strategy could be used in a group 
instructional situation was asked by Rowell and Dawson (1981). 
The questions they raised in their study were 1) can cognitive 
conflict strategy accelerate conservation abilities? 2) does 
learning result from classroom presentation? 3) does pretest 
affect further learning? They tried to develop volume 
conservation in Vlll grade students of Australia and found 
that acceleration is possible even through group instruction 
using cognitive conflict strategy, 

Bass and Montague(1972), Case and Pry (1973), 

Lawson et. al, (1975), and Nous and Raven (1973) employed a 
variety of training methods. Those which were successful in 
their attenpts shared several common characteristics. The 
first common characteristic is physical interaction i.e., 
subjects manipulating physical objects or at least viewing 
demonstrations. The second common characteristic is peer 
interaction used to induce cognitive conflicts. This is what 
Piaget calls ’social transmission’. Peer interaction seems to ' 
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fionction by introducing the subject to ideas or hypotheses 
which are different from their own, thus producing a cognitive 
conflict. This conflict would promote C9gnitive development 
through the process of equilibration or self regulation. Gabel 
and Sherwood (1980), and Howe and Durr (1982), used peer 
interaction to induce cognitive conflict. The peer interaction 
is designed to induce the child to question the premises or 
assumption upon which ho based a premise, judgement or 
cohesion. They report that the peer interaction is useful 
even in the middle school level. Both these studies report 
acceleration of concepts as well as reasoning, Atkin and 
Karplus (1962) and Lawson and Renner (1975), developed a 
classroom instruction model called 'learning cycles'. This 
model divides instruction into three phases.* 1) exploration 
2) invention and 3) discovery (application). During the 
exploration phase, the student manipulates physical material 
provided in the experiment. He is asked to manipulate certain 
variables in the experiment and observe and record the 
results. During this period, the student will encounter new 
information which is not directly assimilable. Through the 
process of self regulation, existing structures will be 
altered (accommodation) to allow assimilation to occur. The . 
cognitive conflict which initiates the self regulation process 
can occur through direct observation of physical phenomena or 
through social interaction (student-student or instructor- 




stuflont)» Cognitive conflict and social interaction are not 
litniter" to the exploration phase* but can be employed during 
all three phases. At some point during the exploration phase, 
the student is asked to try to order the information he has 
collected into some useful pattern. If the student is unable 
to devise a method of ordering the information, the Instructor 
may suggest one, but only after the student has made initial 
attempt. If appropriate, the instructor may also furnish a 
label for the newly invented concept. These activities 
constitute the invention phase. To further strengthen the 
students* grasp of the new concept, he is asked to apply it 
to new situations in an attempt to discover its usefulness and 
limitations. This is the discovery phase. The underlying 
construct of the learning cycle is that through a series of 
successive equilibrations the student will develop a more 
refined cognitive structure (Karplus, 1977 p,172), Karplus 
refers to the three phases as exploration, concept introduction 
and concept application which seems to define the functions 
and properties of each phase more clearly. 

1 I 

Studies by Mc.=<innon and Renner (1973) and Smith and 
Von Egerene (1977), found that by using the 'learning cycle' 
strategy to instruction one could accelerate concrete students 
to think more abstractly and therefore transform from concrete 
to the formal operational stage. In these studies the reasoning 
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patterns accelerated are 1) controlling of variables, 

2) propositional reasoning, 3 ) combinatorial reasoning and 
4) hypothetico deduction. Ward used the -learning cycle- in 
teaching chemistry to high school students and found that 
formal operational students show higher achievement on items 
requiring concrete thought than concrete operational students. 
They out performed in the formal items also. Many concrete 
operational students showed improvement though formal students 
out performed them. Ward (1979), used the same strategy on 
208 students of the chemistry graduate course and found that 

peer interaction helped in accelerating concrete operational 
students to formal, 

Wollman and Chen (1982), developed a classroom approach 
of social interaction. This approach con^rises of four phases: 
a) asking pupils why something happened b) asking for a 
justification c) suggesting an alternative explanation with 
evidences and d) accepting an alternative only after ruling 
out all other possible explanations. They compared such an 
approach of instruction to personalised instruction on II 
graders in an effort to accelerate tho ability to control 
variables. They report that, the effect of -social instruction- 
treatment was quite substantial in comparison with the effects 
of personalised instruction. 
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2,7 Acceleration of Mental Operations 

The previous section of this chapter (section 2,6) 
discusses at least three models of instruction that were used 
by different researchers for accelerating logical operations 
in learners. They ares 1) 'cognitive conflict' strategy 
developed by Inhelder and Sinclair (1969); 2) 'learning cycles' 
developed by Atkin and Karplus (1962) and Lawson and Renner 
(1975); and 3) 'social interaction' model developed by 
Wollman and Chen (1982). A lot of implications can be derived 
from these models to construct an instructional model under 
any given educational setting. The development of an 
Instructional model to suit the Indian urban classroom setting 
is discussed in the forthcoming chapter. In this context it 
would be worthwhile to note the conditions given by Kimball 
(1973) in developing an instructional model to accelerate 
logical operations. He says "an individual who is to be 
introduced to formal operations must be facile with concrete 
operations: able and experienced in manipulating materials; 
capable of formulating generalisations; conserves number as 
well as area, shape# substance and volume; classifies according 
to multi-attributes; Identifies variables; Identifies 
relationships and manipulates them in novel ways; exhibits 
reversibility. An environment that encourages formal thought 
must now be provided: 1) A facilitator who himself is formally 
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operational. He is a learner as well as a teacher. He allows 
many aivergent responses, keeping those which meet the 
criteria set up. He accepts each person even though that 


person's flnaings may not 'fit' or 'v^jrk' in this situation, 

2) surroundings are rich in .naterlal and ideas that encourage 
manipulation (first hand), interaction and interchange, 

3) The learning atmosphere allows for risk taking and 
creativity, 4) Constructive intervention takes place between 
learner and environment and amongst learners m a sensitive 
manner, 5) criteria for acceptable results are set up by all 
learners in the situation, 6) 'Messing around' is encouraged 

so that .learners can 'feel' the problem as well as 'think' it, 
7) Learner is actively Involved in coming to conclusions and 
testing conclusions in new situations. His activity is 
reinforced 'neutrally by the teacher, S)' The type of material 
present are chosen because they encourage and suggest formal 
thought, not stand in the way of it. Learning is tailored for 
the individual, 9) Evaluation tools are available to measure 
formal thought so that feedback is immediate and personal as 
wnll as shared, lo) The learner is placed in a situation of 
mild conflict and controversy with the materials and the ideas 
Of his colleagues, U) The training is from simple to complex, 
from concrete to abstract, 12) Environment allows for 
curiosity to be met with open discussion, mutual criticism, 
or support. Pinal arbitration is by replication with 
materials" (pp,231-232), 


s 
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^ Piagetian Theoretical 

Though in the international scene# there are unpteen 
studies conducted on a Piagetian theoretical framework, this 
trend does not seem to have caught up in India. A survey of 
studies conducted in this country reveals that there are only 
very few studies reported with a Piagetian framework. Among 
these studies intervention studies are still fewer. For the 
sake of clarity of presentation these studios have been 
classified into three groups viz., 1 ) psychometric, 

2) correlational, and 3) intervention, 

2 , 8.1 Psychometric studies 

Vaidya (1974), studied certain aspects of thinking 
among science students of adolescent age. He factor analysed 
the process of thought of hundred boys and hundred girls of 
the age group ten to fifteen years from grades VI to X, He 
reports that more than 70% of X graders could not test 
hypotheses and generally the adolescent pupils failed to take 
the logical way of attacking problems. He attributes this to 
the status of science education, Vaidya (1979) and Sandhu (1981), 
attenuated to factor analyse the adolescent thought, Vaidya 
reported -loadings on ten different factors whereas Sandhu 
reports a unifactor structure to the adolescent thinking. 
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2 . 8,2 Correlational studies 


A fsw studios report various ralatloushlps of cognitive 

a itles and other variables associated In the theoretical 

framework, Syamala , 

(1961), etudred the development of 

noncepts like dreams, God, etc.. In a Plagetlan framework. 

She reports that environmental factors influence the 

development of these concepts. Mlsra (1968), studied the 

sagnlfrcance of cultural background In the learning process 

hathur and gain (1969), studied the development of 

conservation' in rural and urban school children and report 

differences In the develop^nt of this ability In these two 

9«ups. Hath (1973). elso studied the cultural Influences on 

cognitive growth and learning of primary school children In 

Orissa. He reports that cultural influences affect the 

oognltlve development as well as learning of primary children. 

1973) studied tho development of the concept of 

time from early to late childhood to locate a transitional 

-go and report that the development Is gradual and a 

transition occurs at the age of, seven to eight years and the 

oonoopt develops at the age of ten. Nalinldevl ( 1976 ) 

-tudled the development of the concept of number In school' 

going ana non school going young children and found that there 

- no difference In the development of the concept in the two 

gnoups. Pandey (1979), atudled the olasslflcatory .ability 
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among six to ten year olds and reports that the ability is 
independent of sex; socio-economic status does not have any 
effect on the classificatory ability. Grade and age has effect 
on the classificatory ability i,e., the higher the age and 
grade the better they performed. Sandeep (1979) studied the 
relationship betwe^^n classroom interaction and cognitive 
development. He reports that classroom interaction adversely 
affects the attainment of perceptual and cognitive skills. 

Reddy (1980) studied certain factors related to the development 
of concept generalisation among adults, Chand (1980) studied 
the development of the concept of movement among children of 
a wide age range (4+ to 15+ years) and found that around the 
age of five to seven years there was a change in the concept 
of movement; and formal reasoning did not develop even at the 
age of sixteen years. Amin (1982) studied the relationship 
between spatial egocentrism and conservation abilities in 
school children and reports that conservation abilities are 
related to the spatial egocentrism of school children. 

P^Banerji and Jain (1982), studied the development of conservation 
of number^ mass and volume in rural and urban school children 
between the age range five to twelve years. They report 
differences in the conservation of number and mass between 
rural and urban children and no difference in the conservation 
of Volume, Dash and Dash (1983)#^ investigated the development 
of conceptual levels of representation described,toy Piaget 
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an«3 Bruner, Each concept level had five similes varying from 
the most concrete to the most abstract. Young children 
preferred concrete similes and older ones abstract. Such a 
shift is attributed to change from concrete to formal 
reasoning. 

2.8.3 Intervention studies 

Kamalakanthan (1968 ), studied the effect of problem 
solving on physics concept attainment of students and reports 
that problem solving helped achieve the objectives of teaching 
science, Rao (1975), designed an experiment to study the effect 
of transfer of conservation of length, mass, weight and 
number on conservation of volume. The verbal training is 
reported to be more productive than the nonverbal training, 
Bevli (1978), tried to accelerate the acquisition of the 
concept of speed in children of ages 6+ to 9+ and found that 
the training was effective. However, it was less effective 
with socially disadvantaged children. Ajwani (1979), tried 
to develop the problem solving ability using three strategies: 
a) by giving specific direction b) by helping to find the 
method of solution and c) through learning puzzles. He repoirts 
that all the experimental groups bettered in problem solving 
ability. The decreasing effectiveness of the three strategies 
were in the order b,c,a. Jha (1979), con^jared an activity 
based approach in teaching school science and found strong 
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eviclencGs in favour of such an approach in achieving 
application of knowledge and in the development of scientific 
skills. Rath and Patnaik (1979), studied the effect of 
training on the conservation of volume and length and report 
that training could bring about improvement in the conservation 
ability of primary children. Bala (1980), compared the effect 
of 'modern' and traditional mathematics curricula on concrete 
and formal logical thinking of children and found that modern 
mathematics facilitated thinking ability of concrete thinkers 
(grade IV) whereas it made no difference to the formal 
thinkers, padmixii (1980), through an intervention programme 
tried to develop the concept of length, area, volume, weight, 
the sense of belonging and spatial relationships among primary 
school childx'en. She used a long term (6 months) intervention 
programme and found that the experiment was successful in 
fostering cognitive development. Mohanty and Chaudhary (1981), 
studied the effect of two training techniques viz,, 'screening* 
and 'self transformation' in inducing conservation abilities 
in children. The transitional children were given training 
and found that both the techniques had significant effects. 
Bhattacharya (1982), used audio-visual methods to teach 
fractions and decimals to primary children and found that he 
could accelerate the acquisition of these concepts, Yadav 
(1982), compared a guided discovery approach to lectiire in 
attaining higher level objectives and reports that ^ided 




rliscovery Is better in attaining concepts, Bhat (1982), used 
a comprehensive strategy for accelerating area conservation 
in transitional children of III and IV graders. The strategy 
consisted of equality and reversibility training, additiorv' 
subtraction training (the meaning of which is not purely 
mathematical), and training through cognitive conflict. These 
throe procedures were used on each day (forty minutes of 
instruction) in the orrler given above and, lasted for a total 
of three days for an experimental group. He reports that both 
the III and IV graders showed significant improvement in area 
conservation with the treatment. 

The review of acceleration studies conducted in India 
shows the lack of a common paradigm. The attempts seem to be 
rather sporadic. Though the classropm was used for acceleration 
in these studies there is no attempt at reorganising the 
proscribed curricular experiences. In short, the above studies 
soom to reflect an educational psychologist's perspective and 
not that of an educationist's - that is, to focus on the 
present day constraints in the actual classrooms and frame a 
suitable model of instruction to suit the needs of the 
classrooms and also to reorganise the curriculum frame based 
on a sound theory of instruction, it is in this background 
that an acceleration study is planned for the present 
investigation and is discussed in detail In the subsequent 
chapters. 
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CHAPTER ITI 

THE PROBLEM 

3,0 Introduction 

Having taken the theoretical framework discussed in 
Chapter I and the empirical evidences in Chapter II as a 
backdrop, what is presented in this chapter is the problem of 
the present investigation. A brief discussion on the 
a ;celeration studies conducted in India is presented to 
highlight the lack of field attempts at accelerating the 
development of cognitive structures in learners. This is 
followed by a discussion on the need for conducting an 
exjjeriment in the actual field conditions. The field 
conditions are then revievred with special reference to the 
Baroda city secondary schools as the present investigation is 
conducted in Baroda, Based on the field conditions and 
deriving principles from the theoretical framcv’ork and the 
empirical support, a plausible model for conducting an 
acceleration experiment, in the field, conditions, is discussed. 
This is followed by the presentation of the title, objectives 
and hypotheses of the present investigation. 

3,1 itcceleration Studies in India 

Almost all the acceleration studies conducted in India 
vjithin the Piagetian theoretical framework have made no 
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attempt to relate the training strategies to the curriculum 
frame. The experimental inputs or the 'treatments' has been 
specially c^esignecT for the purpose^ with very little or no 
relationship with the content structure of the grade to 
which these inputs have been given, A reorganisation of tJie 
curriculum frame is not atten^ted to develop the training 
strategies th’is taking the experimental treatment 'away' 
from tho real classroom. Among the studies reviewed there 
are three studies (Jha, 1979; Bala, 19B0; and Bhattacharya, 
1982) V7here an attempt at reorganising the curriculum 
oxTpariences has been made. But, these studies vzere aimed at 
concept acceleration rather than the' acceleration of logical 
reasoning. The feasibility of accelerating the logical 
reasoning of students in a classroom setting through 
curricular experiences is still an unansv^ered question in* 
tho Indian Context. 

3.2 Mead for i^’‘’ield Btudios 

The difficulty of integrating or adapting experimental 
results into the actual field has been expressed by many. 
Campbell and Stanley (1965) say that the direct 
contributions from controlled experimentation to the field 
conditions have been disappointing. Tho claims made for the 
rate and degree of progress which would result from 
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ejcperimcnt v/ere oxaggerated and were accompanied by an 
unjustified depreciation of non experimental wisdom, 

Finlcelman (1978) says that the simplification inherent in the 
experimental situation often results in the focusing of an 
isolated, arbitrary or trivial aspect of the phenomena under 
study. Even if the exporim" nt does get at basic processes 
these rarely occur in isolation with other processes, and it 
may render the experimental results of little value for 
understanding real-world phenomena. Yadav et. el, (1981) say 
that studies conducted in actual conditions would give scope 
for a much larger number of variables to operate resulting in 
a very complex interplay, and thus may bring out new patterns 
of relationships, different from those which emerge in 
controlled conditions. 

The above discussion shows how the relationships one 
studies under strict laboratory conditions vary from field 
conditions and there arises a need for studying the 
relationship in actual field conditions. Even the field 
conditions in different settings vary and therefore, the 
results obtained from the field conditions elsewhere may not 
find much of a relevance in India, So, an assessment of the 
field conditions in India is reejuired before formulating an 
acceleration experiment in the actual classroom. 




3.3 Field Conditions in an Urban Classroom in India 

The curriculum frame in the Indian schools is highly 
centralised and the schools have practically no freedom to 
reorganise the prescribed curriculum frame. The curriculum 
frame for the schools affiliated to the respective state 
boards of secondary education are prepared by the board in 
active collaboration and/or in consultation with the State 
Institutes of Education (S.I.E.s) and the National Council 
of Educational Research and Training (N.C.E .R.T.) , Nev? Delhi. 
The schools affiliated to the Central Board of Secondary 
Education (C.B.S.E.) passively receive the curriculum frame 
prepared by the Board in consultation with the N.C.E.R.T* 

The text books for different grades, which form part of the 
curriculum frame, are also prepared by centralised agencies 
like the N.C.E.R.T. and the S.I.E.s and the text book boards 
of different states. Mehta (1983, Pp. 35-47) discusses the 
state of 'nationalisation' of school text books in India, 

She shows that the centralised text book agencies like 
N.C.E.R.T. and the text book boards generally prepare only 
one set of text books for each grade or standard and there 
are very few states like Meghalaya and Tripura preparing 
text books ^-dth the help of private agencies. The evaluation 
system, which also forms an integral part of the curriculum 
frame, is also highly centralised (in the form of 'public 
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examinations' conducted at the end of secondary education 
i.G., grade X) and tho whole instruction is directed towards 
this 'public examination'. The above discussion indicates 
how the text books, examinations and the classroom instruction 
which forms part of the curriculum frame are designed and 
controlled by centralised agencies which make the framework 
very rigid and static, rianon et. al. (1985) make another 
observation regarding the school curricula - for instance the 
science curricula - that it is taken to be just an assemblage 
of information with no central theme cutting across them. It 
is not appreciated sufficiently that every curriculum should 
have an underlying theme depending upon the objectives of 
teaching that subject from the context, I'torcover, curriculum 
should not be taken just as a static course outline or a text 
book but also as involving tested suggestions of instructional 
process alternatives'. Reviewing the curriculum researches 
conducted in India they observe that 'the limitations of tho 
present day curriculum research in India seem to be a 
consequence of a highly state controlled, centralised and 
bureaucratic set up of Indian Education. Most professional 
research institutions do not seem to enjoy autonomy to try 
out alternative models of curricula because of the Inertia 
offered by the school system. Moreover, there is hardly any 
school which is permitted to frame its own curriculum. Hence, 





the whole enterprise seems to have caught up in a highly 

inert structure'. They conclude the discussion by mentioning 

that what is needed in India is diverse models of curricula 

to suit the diverse needs.^ 

/' 

Kapadie (1971) and Patel (1979) on analysing the 
scionce text books of the Gujarat board report that they are 
badly prepared. They found that students often get confused 
with t>ie content matter presented in the text books because 
of its lack of logical organisation, Kapadia reports that 
the authors of the different sections of a text book in 
science have no co-ordination among themselves. Such a science 
curriculum frame and text book imposes a heavy pressure on 
the teacher to 'complete the course'. 

The internal evaluation system in a school is 
centered around testing the rote memory of a student. This 
includes the classroom questions asked by a teacher to 
evaluate the effectiveness of his teaching. Kaul (]975) 
reports, after conducting an enquiry into the questioning 
behaviour of the teachers that only 8.7% of the time of 
classroom instruction is used by science teachers to ask 
questions out of v?hich more than 87% of the questions are of 
recall type. Kapadia reports that the questions asked in the 
annual examinotions (terminal examinations conducted by the 
schools) and other tests are very 'textual'. The questions 





are repeated over years and therefore students tend to 
predict the questions and thereby leave a bulk of the 
syllabus unlearnt. 

Apart from the rigidity imposed by the curriculum 
frame there are several other constraints on the working 
teacher to attempt at reorganising the curriculum with a view 
of developing the cognitive structure of the learners'. One 
such constraint is the work load of a secondary school 
teacher, Baxi (1959) and Kapadia (1971) report that the work 
load of a secondary school teacher is about 20 to 22 hours of 
teaching per week. It is also reported that the teachers are 
given other work in addition to the teaching load in the 
form of organising various other activities of the school, 
like fee collection. The teacher gets hardly any time to pay 
individual attention to the students. Another constraint 
inqposed on the vrorking teacher is the faith the school 
authorities, students and the mombors of the society at large 
who are concerned with the education of their wards, place on 
the text book, A teacher who would like to reorganise the 
curriculum frame is compelled not to do so by these forces. 

A third constraint on the teacher is concerning the teacher- 
pupil ratio in an urban classroom, Gandhi (1968) reports 
that the number of students in a classroom range from 
thirtyfive to seventy. Such a high ratio prevents the teacher 
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from organising activities for each individual student so that 
he can discover the rules and principles and thus construct 
his cognitive structure from his actions. Also, it may be 
mentioned here that very few secondary schools in India are 
equipped with laboratory facilities for such a large number 
of students to do experiments and discover the Laws, 
principles, etc., in science (Gandhi, 1968 and Patel, 1971). 

The field conditions in India seem to be markedly 
different from those in other countries vrhere real classroom 
experiments on accelerating the logical reasoning of learners 
have been tried out (discussed in detail in the previous 
chapter). The curriculum frame is outdated and disorganised. 
There is a lack of a theory base in the curriculum framing. 

The curriculum demands a lot of‘hard work from the students 
in rote memorising the facts, principles, etc. There is 
hardly any provision for the students to act upon objects and 
ideas and dlscover the lavjs and principles of natural 
phenomena. The curriculum experiences are rather prescriptive 
and curb the students from thinl^ing in an original manner. 

3.4 Is Acceleration Possible Under These Conditiohs? 

This question whether it is possible to influence the 
cognitive development of the learners under the field 
conditions described above is not answered as there is 
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practically no empirical evidence to support it* But, studies 
conducted under laboratory conditions or quasi-laboratory 
conditions in India and elsewhere# and those field studies 
conducted under other conditions suggest the possibility of 
influencing the cognitive development of the learners. If 
cognitive development# which includes the development of 
logical reasoning and the construction of physical reality# 
is taken as the objective of teaching science# a thorough 
restructuring of the curriculum and executing it through a 
model of Instruction which would induce cognitive conflict or 
dissonance in the learner might be of help. 

3.4,1 Reorganising the curriculum frame. 

Ausebel (1963) argues that 'any science curriculum 
worthy of the name must be concerned with the systematic 
presentation of an organised body of knowledge as an explicit 
end in itself. There are many other educationists v/ho would 

N 

tend to agree with him. such a systematic presentation of the 
body of knowledge may not by itself be able to produce any 
effect in the construction of logico-mathematical structures 
and concept structures by the learners. The total 
reorganisation of the curriculum frame may have to be done 
in the light of 1) the previous concept structures of the 
learners and 2) the logical reasoning patterns they are 
capable of manifesting. This manifestation depends on the 
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logico-mathematical structure of the learners. This is one 
implication that can tae derived from the empirical evidences 
discussed in the previous chapter (refer section 2,7). It 
becomes all the more meaningful in the Indian context 
because the students of a particular grade have undergone the 
treatment of a static and ill-prepared curriculum all through 
their previous years of schooling. It is ill-prepared from 
the point of view that any curriculum should have a theory 
base (Menon ot. al, 1985). Menon (1985) on analysing the 
science curriculum of grades VIII to Xli reports that such 
a theory base is laclting in the organisation of the science 
curriculum of the secondary and higher secondary stages. 
Looking at the problem of reorganising the curriculxm frame 
from the theoretical frames^ork on which the present study is 
based demands the assessment of the concept structures as 
well as the logico-mathcmatlcal structures of the learners. 
This can be further explained with an illustration. A 
curriculum frame in Chemistry, which deals with the structure 
end transformations of substances under stipulated conditions, 
demands the prior conceptual knowledge of the molecular 
nature of ma.tter and their transformations can occur in 
certain patterns depending upon the physical conditions. If 
such a background knov/ledge is absent in the learner it has 
to be developed. The development of such concepts faces a 
serious hurdle if the learners are operating at a concrete 
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level. The concept that matter is made of discrete particles 
and these particles are capable of certain transformations 
depending on their structure, needs formal logic to assimilate. 
To concrete operational learners, perhaps, the best way to 
approach the problem is by concretising the data from which 
scientists themselves arrived at these concepts. The 
concretised data may be presented to the learner, after 
Qsscssinn his concept structures, in such a way as to arouse 
curiosity and create certain conflicts in the mind of the 
learners similar to those developed in the scientists who 
have constructed these laws, principles and theories. The 
assessment of the concept structures of the learner is 
important because that would reveal the internal 
contradictions and gaps in those structures which would form 
a major sourse of directive for the resequencing of data. 
Giving a historical perspective to the rosequencing of the 
curriculum frame may be of relevance. But tracing the 
history of development of a concept through time may not be 
required in a classroom instruction. Historically, concepts 
might have evolved in a detour fashion after having 
entertained many alternative explanations to the phenomenon 
concerned and taking time to eliminate the incorrect 
explanations pending theoretical and nethodological 
breakthroughs. Since learning is what may be called a 
rediscovery of the conceptual structure of science, most of 




those detours could be bypassed while reorganising the 
curriculum frame to ensure the economy of insttuction 
(Arunkumar ot. ol., .1984). Some of these detours may arise 
from the learner as he progressively constructs his cognitive 
structure. The facilitator (instructor) will have to be 
sensitive to accept these detours and not to 'ignore* them, 
and present the right type of data, from the historical 
development of the concept or artificially contrived ones, 
to make the learners realise the contradiction in those 
detours thereby aiding him in constructing stabler concept 
structures. 

Another principle that can guide an attempt at 
reorganising the curriculum frame is that, the reorganisation 
should be done in consideration to the conceptual structure 
of the discipline, Shulman and Tamir (1973) quoting Schwab 
in their article on research on teaching say that 'the 
conceptual structure o£ a discipline determines what we shall 
so..-k the truth about and in what terms that truth shall be 
couched. The syntactical structure of a discipline is 
concerned with the operations that distinguish the true, the 
verified, and the warranted in that disciplino from the 
unverified and unvrarranted. Both those - the conceptual and 
the syntactical are different in different disciplines', 
Schwab clearly indicates how the conceptual structure of the 
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discipline determines what is to be taught. From the above 
discussion we can conclude that a curriculum reorganisation 
has to be carried out in considering the followings 1) the 
prior concept structure of the learners', 2) the logical 
reasoning patterns the learners are capable of manifesting 
based on their logico-mathematical structures, and 3) the 
conceptual structure of the discipline. Such a reorganisation 
of the curriculum frame should make it highly flexible and 
dynamic. The dynamism and flexibility of the curriculum frame 
may be seen in terms of its adaptability to the various 
cognitive demands of the learners* Such a dynamic curriculum 
frame should make it highly flexible, and dynamic. The dynamism 
and flexibility of the curriculum frame may be seen in terms 
of its adaptability to the various cognitive demands of the 
learners. Such a dynamic curriculum frame may be successful 
in inducing cognitive conflicts in the learner by re-solving 
which he constructs stabler cognitive structures. 

3.4,2 A theory based model of Instjruction 

The dynamism of such a curriculum frame would mostly 
be sr-en in the instructional model, the model being a part of 
the curriculum. So, the theory on which the instructional 
model is based will have to be the same as that on vrhich the 
curriculum frame is based. The purpose of instruction, 
there':ore, is construction of cognitive structures in the 
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loarneir isomorphous to the conceptual structure of the 
discipline, Though this idea seems to be more in tune with 
the AusebGlian subsumption theory of learning (Ausubel, 1968), 
it is very similar to Piaget's formulations regarding scheme 
of cognitive organisation which reflects his interests in the 
developing relations among the elements of ^knowledge 
(Shulman and Tamir, 1973). Hence, learning of science is not 
merely storing isolated bits of information concerning 
natural phenomena in memory, but progressively, constructing 
a whollstic, unified, and internally consistent understanding 
of the phenomena. For, such an evolution of wholistic 
structures in the learner necessitates the use of processes 
of scientific enquiry as a strategy. It is worthwhile, at 
this Juncture, to note what Schwab (1962) has to say about 
classroom instruction as inquiry. "The phrase - the teaching 
of science as enquiry - is ambiguous. It means, first, a 
process of teaching and learning which is, itself an enquiry, 
'teaching as enquiry'; second, instruction in which science 
is ser-n as a process of inquiry, 'science as enquiry'. The 
ambiguity is deliberate. Both these meanings are part of the 
idea in its complete form. The complete enquiry classroom 
would have two aspects. On the one hand, the student would 
be led to inquire into these materials. He would learn to 

i 

identify their component parts, detect the relations among 
these parts, not the role played by each part, detect some 
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of tho strengths and wcoknesses of the incjuiry under study* 
In short/ the classroom would engage in an enguizry into 
enquiry." 


Tho distinction between 'science as enquisry' and 
'teaching—learning as enquiry* is an important one* In the 
second, it may be noted that the activity in which the 
student participates is not scientific enquiry per se, but, 
the critical analysis, interpretation and evaluation of 
reports of scientific enquiry* Therefore, a classroom 
interaction cannot be an uncontrolled free enquiry. Free 
enquiry or science as enquiry does not seem to aid the 
development of cognitive structures of those learners who 
operate at tho concrete level (refer Chapter II, section 2.5). 
k guided enquiry approach where the teacher acts as a 
facilitator and guide to the process of enquiry would be 
better. It may be noted here that the facilitator and guide 
to tho process of inquiry may provide data in such a way to 
the learners that the problem arises from within the learners 
rather than the facilitator giving proscriptive problems to 
the learners. These: prescriptive problems may not appear as 
problems at all to the learners, A conceptual background is 
prepared by the teacher (facilitator) through discussion or 
through the provision of a concrete experience which 
culminates in the identification of a problem by the learners. 
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The teacher consciously creates the background of the 
problem keeping in view the total curriculum frame and the 
concept to be highlighted and also the level of abstraction 
which the stage of cognitive development of the learners' 
allows. In this given background the problem gets evolved as 
a hurdle in the way of the learners' explaining a certain 
phenomena. Confronted with the problem, the next step would 
be to call for alternative hypothetical solutions to it. 

Here the teacher's role would be mainly to act as a 
moderator and thereby see that every member of the class 
participates and a hypotheses, however apparently irrelevant 
it might be, is taken seriously. Concomitant to this, can be 
the logical exercise of eliminating internally contradictory 
propositions. Such an exercise should foe done mostly by the 
fellow learners (peer interaction referred to in Chapter II, 
section 2,6), Those hypotheses which cannot be challenged 
through possible observations are not taken into 
consideration. They may be considered metaphysical 
propositions and not scientific questions. The next stage is 
essentially r-imed at testing the hypotheses formulated in 
the earlier stage. The first step in the testing procedure 
is to deduce the hypothesis into possible observational 
events through which it can be tested for its validity. 
However, for the testing per se, si formal instructional 
situation has a lot of constraints regarding physical 
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resources and tinne. Ideally^ what Is desired and could be 
done wherever po.ssible, is to .fabricate procedures through 
which observations can he made regarding the validity of the 
hypothesis. Many a time/ this may not be possible due to the 
nature of the Vu.^’iothesis, nature of the concept, facilities 
retjuired for making the necessary observations, the time At 
might take, etc. In such situations, there could be three 
other ways of putting the hypothesis to test. One is the 
recollection of common experiences of the learners and their 
proper organisation in such a way that these experLences 
provide evidence regarding the validity of the hypothesis. 

If the experiences called for are unfamiliar to the learners, 
the teacher may provide data detd.ved from relevant 
experiments conducted by the scientists, A third way of testing 
would be to evolve through discussion certain observations 
that could be made by the learners at home or through a 
iproject/ascignment involving field observations. In all the 
above four v/^^jys of testing what is of paramount importance 
fs that the learners actively participate in the planning 
and fabrication of the testing procedures making direct 
observations wherever possible and interpret and formulate 
conclusionr. from observations made or data provided. 
Hypothetical solutions to the problem having been tested 
would be meaningfully integrated to the cognitive structures. 
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AlsO/ these cmpirica,! evidencGS arouse further problems for 
investigation. Thus, the whole process of instruction Is 
cyclic in nature (Arunkimar et. al,, 1984). 

3.5 Tho Effect of Curriculum Experiences on the Reasoning 
Patterns 

Tho organisation of the curriculum frame on those 
lines discussed earlier and executing it through the cyclic 
model of instruction described above is likely to aid the 
construction of stabler cognitive structures by the learners. 
This would include the construction of both the concept 
structures (knowledge of the physical world) as well as the 
logico-mathematica1 structures. The above statements are 
made based on two reasons. One, the coneretination of formal 
concepts can be better assimilated into the cognitive 
structures of the concrete-operational learners. Several such 
assimilations of concretised data would demand the structures 
to undergo modifications. This need arises from within the 
learners, two, the dynamic curriculum frame is capable of 
adapting to the cognitive needs of the learners' and inducing 
cognitive dissonance in them. The resolution of these 
cognitive conflicts would aid the construction of stabler 
structures. 

In the intellectual development model propounded by 
Piaget, mental operations appear during the third stage. 
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i.e./ the concrete operational stage, Piaget (1964) says 
'when learners discover the properties of their actions, they 
have begun to perform mental operations. An operation 
obviously is reversible and is an interiorised action'. An 
early concrete operational child may need a long term 
interaction with the environment to transform to the formal 
operational stage. Also, the early concrete operational child 
may not benefit out of instruction of formal concepts, though 
it may be presented in a concrete form, as he is not equipped 
with a structure that enables him to assimilate such concepts. 
Therefore, it may be worthwhile to attempt at influencing the 
cognitive development of learners when they are in a 
transition from concrete to formal operational stage. This is 
more relevant from an experimentation point of view because 
the time duration that can be spared for the experiment is 
limited, Kimball (1973) discusses the following points in 
answering the question whether formal operations can be 
induced. 'The individual that is to be introduced to the 
formal operations must be facile with the concrete operations? 
able and experienced in manipulating materials; capable of 
formulating generalisations? identifies variables and exhibits 
reversibility', The above discussion by Kimball clearly 
indicates that an attempt at accelerating the reasoning 
patterns moy be carried out with fully concrete operational 
learners and not with early concrete operational learners. 
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Most of the acceleration studies reviewed in Chapter II have 
been carried out with transitional learners. 

3.6 A Transitional Group in the Secondary School System 

Tha age range suggested by Piaget, following the data 
collected from Genevan children, may not be of use in 
identifying a transition group in Indian conditions because 
cross cultural studies carried out elsewhere by several 
researchers indicate wide variations from the Genevan norms 
(Chiappetta, 1970; and Dasen, 1974), In India there is no 
study which reports the distribution of concrete and formal 
operational students in the secondary school system, 

Vaidya (1974) indicates that more than 70?4 of pupils of 
grade X could not test hypotheses. Chand (1980) reports 
after studying the mental operations of 240 boys and 240 
girls between the age range of 4+ and 15+, that even students 
of age 16 does not operate at the formal operational level. 
These studies do not suggest a transition group. Therefore, 
a bench mark data v/as collected from the field. The sample 
included students from grade VII, VIII, IX and X. The data 
was collected from three English mediiom schools in Baroda 
city. The ‘colour chemical task' (Piaget and Inhelder, 1958 
Pp,107-122) was used to probe into the reasoning pattern of 
the students (See Appendix B), A clinical interview 
technique was used to assess the logical reasoning (the 
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clinical interview technique is discussed in detail in the 
next chapter on procer3ural details, as a discussion here is 
unwarranted), The results of the interviews after analysis 
were classified into four categories of reasoning patterns 
viz., concrete operational (It A); transitional (II B); 
early formal (III A) and formal operational (III B)• The 
protocol developed by Renner et, al, (1976) was used for 
this Glassification. The number of pupils interviewed, the 
number of transitional students (II B) and the percentage of 
transitional students is presented in Table 3.1. 

Table 3,1 

The percentage of students who show signs of 
transition from concrete to formal reasoning 


Grade 

VII 

VIII 

IX 

X 

tran. 

3 

6 

26 

12 

N 

30 

25 

48 

22 

% 

7.7 

20 

54.3 

54.5 


3.6,1Reasoning Patterns That DiEferentiate Concrete and 
Formal Operations. 

Another question that comes in alongvrith the selection 
of a grade having students belonging to a transitional group 
is the one regarding the discrimination between the concrete 
and formal operational students from an assessment point of 















viev7. The foirmal reasoning is a coniiplex struotrire and so its 
assessment is a complicated job. To describe the level of 
reasoning of individual students, and to assess their 
cognitive capabilities, the notion of reasoning pattern is 
more useful than the composite operational structure, 

Karplus (1979) says, a reasoning pattern, such as seriation, 
controlling variables, conservation, is an identifiable and 
reproducible thought process. Reasoning patterns have 
underlying logical and logico-mathematical operations 
proposed by Piaget, Some of these operations appear to be 
fairly easily identifiable in a student's words and actions, 
while others require detailed observation and analysis. By 
contrast, reasoning patterns are better evident when a 
student is confronted with a problem and in the way he goes 
about solving it. A few examples of reasoning patterns that 
occur while s student is confronted with a problem ares 
1) combinatorial reasoning, 2) controlling of variables, 

3) deductive reasoning, 4) proportional reasoning and 
5) serial ordering. Those reasoning patterns are interrelated 
- some of them closely while some others are relatively a 
little remotely. The reasoning patterns all together form the 
logico-mathematical structure and the closely related 
patterns form 'schema' within this total structure. Different 
schemata interact among themselves and evolve from lower 
states of equilibrium to higher ones (Seo chapter I, section 
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1,2,1). Some of these schema evolve to a higher level compared 
to others. Such differences in the levels of evolution of 
schema is termed as 'decalage' in the Piagetian theoretical 
framework. Therefore for an experimental purpose it would be 
better to choose closely related schema especially from an 
assessment point of view, to represent the total logico- 
mathematical structure. Prom the examples of reasoning 
patterns given above combinatorial reasoning and controlling 
of variables arc closely related. These two reasoning patterns 
havo been used by other researchers in attempting at 
developing the formal operational thought. A few among them 
are Kuhn and Angelev, (1975); Karplus, (1978); Woolman & Chen, 
(1982); end Lawson et. al,, (1975), Lawson (1979) says "Ih 
Piaget's theory, formal stage reasoning manifest itself in a 
variety of ways, Por example, the generation of all possible 
combinations of variables, the isolation and control of 
variables, and the solution of proportionality, all 
theoretically require formal operations. Although these 
abilities may appear to be unrelated, in theory they are all 
mediated by the development of a structural unit of an 
unified v/hole. Thus, according to theory, individuals should 
exhibit consistency in performance across tasks that require 
these operations. The evidence for this consistency, however 
is inconclusive" (p,67). Though Lawson mentions that the 
relationship among the three reasoning patterns is 




95 

inconclusive, the generation of all possible combination of 
variables and the 'isolation' and 'control' of variables 
appear to be more relatively connected because 'generation' 
of all possible combinations is required for 'isolating' and 
'controlling' variables. Therefore, the assessment of 
concrete and formal operations in students may be done using 
tasks or problems which demand the children to manifest their 
combinatorial reasoning (generation of all possible 
combinations), and to isolate and control variables in a 
multivariate situation. Thus, 'combinatorial reasoning' and 
'controlling of variables' form a part of the 'combinatorial 
system', which foms a m..jor part of the formal logic. 

The discussions in the two proceeding sections indicate 
the choice of grade in the secondary school system for the 
present attempt at influencing the cognitive development and 
the choice of reasoning patterns in,order to assess the 
lo'ico-mathematical operations of the students. Summarising 
the discussions from sections 3.4, 3.5 and 3*6 the research 
question of the present study boils down to whether the 
reorganising of the curriculum frame as discussed earlier 
would aid the development of reasoning patterns of the 
transitional group of students under actual classroom 
conditions. That is, an active participation by the students 
on the curriculum material presented to them is required for 
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the acceleration of the reasoning patterns. In an actual 
classroom there may be many students who are basically not 
interested in the instructional activities. These students 
would pose a major hurdle in seeking an answer to the above 
discussed research question. 

3,7 Title of the Present Investigation 

A STUDY OP THE EFFECT OP REORGANISING THE PRESCRIBED 

CURRICULAR FRAMEWORK ON THE COMBINATORIAL REASONING 

AND CONTROLLING OF VARIABLES OP GRADE DC STUDENTS, 

3,7,1 Expansion of terms 

(a) reorganising; The reorganisation of the curriculum 
frame is done after taking into consideration 

1) the background knowledge of the learners 2) their 
logico-mathematical stiructures and 3) the conceptual 
structure of the discipline. As the knowledge of the 
physical reality and their reasoning abilities 
develop, the curriculum frame should get modified to 
suit the growing cognitive capabilities of the 
students. Therefore, the reorganising is dynamic and 
flexible in contrast to a 'reorganised* curriculum 
frame which would be static and rigid. 

(b) curriculum frames The curricultim frame in the present 
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study refers to the chemistry portion of the 
prescribed science curriculum frame for the grade IX 
of the Gujarat Board of Secondary l^Iducation, 

(c) combinatorial reasonings This is a reasoning pattern 
manifested by a student when posed with a problem 
that requires the generation of’all possible 
combinations pertinent to the solution of the problem, 

(d) controlling of variabless Recognising the necessity 
of an experimentt"! design that controls all variables 
except the one being investigated, 

3.8 Scope and Limitations of the Study 

The study is aimed at accelerating the logical 
reasoning of students with the aid of curricular osqjeriences 
in a real classroom setting, with all its natural 
interferences. To this extent it is not a laboratory type of 
experimentation where the variables are controlled. The 
assumption hero is that the students vjill actively 
participate in the classroom interaction so that their 
reasoning patterns develop. But,, within the limited period of 
time that can be spared for a Ph.D, work it may not be 
possible to get all the individuals of a classroom motivated 
to tciko part cognitively in the interaction process. This 
task becomes all the more difficult when the Instructor and 
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learners are 'new' to oach other. There are several other 
factors vrhich contribute to raaking this task difficult viz,, 
the social and economic background of the learners, their 
interests and aptitudes. Thus, the experiment is an attempt 
at accelerating the reasoning patterns of students in an 
actual classroom sotting with not much of an effort made to 
control the umpteen intervening variables. The experimentation 
is for a short period to expect total developmental changes 
in the cognitive structures. Given these restrictions the 
study aims at finding out how far the reorganising of the 
curriculum frame can accelerate the logical reasoning of 
students in the present school set up. 

3.9 Objectives of the Study 

The objectives of the study can be stated as follows; 

1. To assess the level of reasoning of students of grade 
DC in the following rc-asoning patterns 

(a) combinatorial reasoning and (b) controlling of 
variables, 

2. To analyse the chemistry portion of the science 
curriculum of grade IX with e view to reorganising it 
to suit the level of reasonong of the students. 

3. To study the effect of reorganising the curriculum 
frame on the following reasoning patterns 
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(a) combinatorial reasoning and (b) controlling of 
variables in comparison with the existing curriculum 
frame. 

The assessment of tho level of resasoning (objective 
Mb.l) demands the use of problems or tasks to be presented 
to the students and observing the way they go about solving 
it. The exposure to such problems or tasks might interfere 
with studying the effect of the treatment (objective No.3), 
Here arises the need to study the effect of the pre- 
assessment and its influence on the trea-tment. Therefore, 
the following two objectives are added alongwith the above 
throe, 

4. To study the effect of assessment of the reasoning 
patterns, (a) combinatorial reasoning and 

(b) controlling of variables on the development of tho 
same reasoning patterns, 

f 

5, To study the interaction between the pre-assessment 
and treatment on the two reasoning patterns viz,, 

(a) combinatorial reasoning and (b) controlling of 
variables. 

3,10 Hypotheses of the Study 


An analysis of the objectives of the study in the 
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background of the theoretical framework and the empirical 

evidences and taking into consideration the field conditions 
in India, the following hypotheses are formulated, 

1. The reorganising of the chemistry portion of the 
science curriculum for grade IX may positively 
influence the combinatorial reasoning of students when 
compared to those students who undergo the normal 

classroom teaching based on the existing curriculum 
frame• 

2, The reorganisation of the chemistry portion of the 
science curriculum for grade IX may positively 
influence the 'controlling of variables' of students 
when compared to those who undergo the normal 
classroom teaching based on the existing curriculum 
frame. 

The abovw two hypotheses have been framed in the 

directional form since earlier attempts show that acceleration 
is possible. 

The objective 1 demands the assessment of the reasoning 
patterns of the students before attempting at reorganising the 
curriculum frame. This is done by posing problems to the 
students which demand them to manifest these different 
reasoning patterns. Such a pre-assessment may affect the 
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development of these reasoning patterns. Among the studies 
where such a test sensitivity has been measured, Rowell and 
Dawson (1981) report that pretest has Influenced the Volume 
conservation of grado VIII students in a classroom acceleration 
experiment. But, they add that the influence of the pretest 
was only to a small extent. This is not convincing enough to 
formulate tho follovring hypotheses in the directional form 
and therefore, they have been expressed in the null form. 

3, There is no difference in the combinatorial reasoning 
of students, who have been assessed through' a taslc or 
tasks which demand(s) the use of such a reasoning 
pattern, and those who have not been assessed through 
such a task nr tasks, 

4. There is no difference in the 'controlling of variables' 
of students, who have been assessed through a task or 
tasks VThich demand the use of such a reasoning pattern, 
and those who have not been assessed through such a 
task or tasks. 

The above two sets of hypotheses Indicate that there 
are two possible sources of influences on the reasoning 
patterns viz., the pre-assessment and the treatment. In such 
a situation in addition to tho possible individual influences 
there can be a joint effect of the two influences acting 
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together (objective No.5). This objective calls for the 
fonnulation of two “nore hypotheses. 

5. There is no difference in the 'combinatorial reasoning 
of students, who have been pre-assessed on the same 
reasoning pattern and who have undergone the treatment 
(the reorganising of the science curriculum), and who 
have not been pre-assessed and not undergone the 
treatment; and those who have not been pre-assessed 
and who have undergone treatment, and those who have 
been pre-assessed but not undergone the treatment. 

6. There is no difference in the 'controlling of 
variables' of students, vfho have been pre-assessed on 
the same reasoning and who have undergone the 
treatment, and who have not been pre-assessed and not 
undergone the treatment; and those who have not been 
pre-assessed and who have undergone treatment, and 
those who have been pre-assessed but not undergone the 


treatment. 
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CliAPTRR IV 


PROCEnURAI. DETAILS 


4.0 Introduction 

The procedure adopted to realise the objectives set 
and test the hypotheses formulated, is described in this 
chapter. This is carried out under four main heads viz,, 

I 

design, sample, tools and techniques, and the experiment. 
Prom the discussions in the previous chapter; on the scope 
and limitations of the study, the objectives, and the 
hypotheses, it is clear that the present investigation aims 
at stiidying the effect of reorganising the prescribed 
curricular framework on the reasoning pattern of grade IX 
students. Also, it is indicated that this effect is studied 
in comparison to the natural development and the effect of 
the Dreacribed curriculum frame. The design of the study 
has to accommodate the above comparison, the question of the 
influence of pre-assessment on the development of reasoning, 
and the interaction of treatment and pre-assessment. The 
pre-assessment as v/ell as the assessment after treatment 
have to be done by posing problematic situation to each 
student and making observations on how he goes about 
finding a solution to the problem. Such an assessment 
demands the use of planned problems or tasks and the use of 
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clinical interview technique. These are discussed in detail 
in the sections to follow. 

4,1 The Design of The Study 

The design should be able to accom’^nodate the study of 
the follov7ings 1) the effect of reorganising the prescribed 
curriculum frame on the reasoning pattern in comparison to 
the existing (prescribed) curriculum frame^ 2) the effect 
of pro—assossnent on the development of these reasoning 
patterns and 3) the interaction between the treatment and 
the pro-assesvsmcnt, Mitzel (1982/ p,627) says that 'as the 
complexity of the research question increases/ the 
complexity of the design necessary to ansvrer the question 
incrr'as€.s as well'. He continues to say that 'in some 
instances the researcher may suspect that the presence of 
pretest affected the outcome variable or that the protest 
interacted witVi the treatment to produce different results, 
■fhc issue may be examined through what is called a Solomon 
Pour Group Design', Campbell and Stanley (1963 and 1971) 
say that the Solomon Pour Group Design dcsrvedly has higher 
prestige compared to other pretest - postt.. ct designs and 
control and ejcperimcntal group designs and represent the 
first explicit consideration for external validity factors. 
Dayton (1970, p. 156) says as foUowss "The Soloinon 'H'our 
Group Design is an experimental design especially 
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constructed to provide control for sensitisation efforts in 
personality—change experiments. The design enables one to 
control and measure both main and interaction effects of 
testing and the main effects of a composite of maturation 
and history'*. It has become the new ideal design for social 
scientists says Campbell (1969). Borg and Gall (1983) say 
thab 'the Solomon f'our Group Design is used to achieve three 
purposes? 1) to assess the effect of the experimental 
troatmont relative to the control treatment? 2) to assess 
the effect of a protest? and 3) to assess the interaction 
between protest and.treatment conditions" (p.691). About 
tho effect of pretest they say as follows? "The pretest 
might have an effect on student achievement or attitudes 
because it provides an opportunity to 'practice' or think 
about the content incorporatcjd in the pretest. Also, the 
protest might have a. special effect on the experimental 

i9 

group sbudents because it 'sensitises' them to study 
specific content incorporated in the experimental treatment. 
The pretest would not have this effect on tho con'trol 
group because, by definition, they are not exposed to the 
experimental treatment content" (p,692). 

The design is as follov/ss 


Group 

1 

R 

01 

X 

0? 

Group 

2 

R 

O 3 


04 

Group 

3 

R 

X 

O 5 

Group 

4 

R 



06 
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v^horG R is random assignment, X is experimental treatment 
and 0i to O 5 are observations. The effect of the treatment 
(X) can bo studied in four different ways viz,, 1) O 2 Oi? 

2) 02 3) O 5 06 and 05 O 3 . The actual instabilities of 

experimentation are such that if these comparisons are in 
agreement, the strength of the influence is greatly 
increased (Campbell and Stanley, 1971 p,195). If the 
pretest provides a practice effect, this should result in 
higher post tost performance by groups receiving the 
pretest (1 and 2 ), than by groups not receiving the pretest 
(3 and 4). If the pretest sensitizes the experimental group 
to study specific contGnt> this should result in a pretest - 
treatment Interaction, Specifically, there should be greater 
difference on the posttest between groups 1 and 3 than 
between groups 2 and 4. This is because a sensitisation 
effect means that the pretest facilitates the learning of 
the experimental group but not the control group (Borg and 
Call, 19R3 p.692). Disregarding the pretests, the posttost 
scorc-s can bo treated vrith a simple 2X2 analysis of variance 
design; 

Treatment Wo Treatment 


Pretested 

O 2 

^4 

Not Pretested 

05 

06 


iProm the column means, one can estimate the main of feet of 
the treatment, from row means, the ma.in effect of pretesting 
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and from cell means, the interaction of testing with 
treatment, 

4.1.1 Adaptations of the design for the present study 


One of the assumptions of the Solomon Four Group 
Design is the randomisation of the subjects in the four 
groups. Randomisation in the present study is not carried 
out by pooling all the units of the sample and alloting 
them to the four groups; but, four clusters are taken from 
an institution v/hich does not have any specific criteria 
for the allotment of students into each division. Also, the 
equivalence of the four groups is established on two 
external criteria viz., 1) age and 2) non verbal reasoning 
as measured through Raven’s Standard Progressive Matrices, 
This is one of the adaptations of the design to the present 
study. This was done because the natural setting was not 
to be disturbed. An artificial reallocation of the units 
might alter the natural scstting. 

Another assumption of the design is that the four 
groups are allocated at random to Group 1, Group 2, Group 3, 
and Group 4 as shown in the design (given in section 4,1). 

In the present investigation the two experimental groups 
(Group 1 and Group 3, as given in the design) belong to the 
academic year 1981-'82 and the two control groups (Group 2 
Group 4) to the year 1982-'83. Such an adaptation was done 




Ill 


because of two reasons- One, the non availability of four 
equivalent groups from one institution. The institution has 
to be same, to which all the four groups belong, because the 
physical and social setting of different schools may differ. 
Also, there rnay be slight variations in the instructional 
-aodes (of the control groups) in different institutions. 


Two, the possibility of interactions among the experimental 
and control group students which might influence the 
findings, especially because the treatment prolonged for one 


full semester (six months). Therefore, the two groups (ix a 
and J? divisions) of the academic year 1981-'82 were treated 
as experimental groups (Group 1 and Group 3 of the design)? 
and the two groups of the subsequent year as control groups 
(Group 2 and Group 4 of the design), 


4,2 ample of the Study 


The samfile of the study comprises of four groups of 
students of students of grade IX. of an English medixm school 
in I^aroda, Two of the groups belong to the academic year 
1981-'82 and the other two of the academic year 1982-'83. 

Tho distribution of students in the four groups is given in 
table 4.1. 


A large majority of the students in the sartple are 
Gujaratis i.e. 90.2% of the total sample. They speak Gujarati 
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Table 4,1 


rho distribution of tbo San^le of the Study 


Aci-demic 

year 

Grrde & 
division 

Boys 

Girls 

N 

Position in 
the design 

1981-82. 

IX 

A 

37 

13 

50 

Group 1 

1982-83. 

IX 

A 

39 

13 

52 

Group 2 

1981-82. 

TX 

B 

26 

26 

52 

Group 3 

1982-83, 

IX 

B 

30 

20 

50 

Group 4 


at hoTie and v/ith peers they speak either in Gujarati or 
Hindi. Only 6"'o of the students speak English at home. The 
parental occupation of 124 stxadcnts, out of 184 Gujarati 
students, is business ranging from small shops to industries. 
Among the non Gujarati students only two out of twenty are 
doing business. The above given information is based on 
data collected alongwith the clinical interviews discussed 
in detail in the coming sections. The break up of the 
number of students in these groups is given in table 4,2. 

Table 4.2 

The distribution of parantal occupation and language 
spoken at home in the four groups of the sample. 



B 

Parantal 

occupation 

Language 

spoken 

Business 

Service 

English 


Group 1 

50 

30 

20 

5 

45 

Group 2 

52 

31 

21 

1 

51 

Group 3 

5 2 

33 

19 

3 

49 

Group 4 

50 

32 

18 

3 

47 
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The institutions to which these four groups of 

students belong does not show any bias in allotting students 

to diffetrcnt groups. That is^ no special criteria is 

employed while allotting students to the different divisions 

1 

of a grade dxiring admissions . Therefore, the allocation of 
units in the four groups may be taken as quasi-random 
allocation although^ no reallocation, after pooling all the 
units, hoc been attempted. As discussed in the previous 
section the equality of the four groups is established on 
tvjo external criteria viz,, ago and intelligence as measured 
through Ravens Standard Progressive Matrices (RPM) , The age 
of the students was collected from the school records and, 
the intelligence was measured using the standardised group 
test. One-way analysis of variance was carried on the two 
sets of data viz., age and intelligence (raw scores as 
obtained through RPM). The age and raw scores of the test 
alongwith the details of calculation are given in Appendix A, 
The summairy of the analysis of variance is given in the 
tables 4.3 and 4,4 (Garret, 1956 Pp.280-284). 


Table 4.3 

Sum.iary of Analysis of Variance on the Age of 
the four groups of students (sample). 


Source of 
variance 

df 

Sum of 
squares 

Mean 

square 

F 

Signif- 

cance 

Between 

Kithin 

S 

2.75 

142.35 

0.91 

0.71 

1.28 

Not sig¬ 
nificant . 

1 Total 

203 

145.1 
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Table 4.4 

GuinmaiTY of Analysis of Variance on tbe raw scores 
(i^PM) of the foUr groups of students 


Source of 
variance 

df 

Sum of 
squares 

Mean 

square 

F 

Signif- 
icance. 

Between 

", fithin 

3 

200 

376.95 

19938.05 

125,65 

99.69 

1.26 

not sig¬ 
nificant. 

Total 

203 

20315.00 



The above two tables shovr that the two F values are 
not significant. Therefore, the distribution of age and 
intelligence of the units in the four groups are equal since 
the mean differences are not significant. 

4.3 Tools and Techniques of data Collection 

The tools used in the present study are discussed 
hereunder according to the nature of data obtained from 
them and the techniques used to collect the data. They are 
discussed under four sections'viz., 1) clinical interview 
2) observation schedule and 3) unstructured interview. The 
clinical interview technique is used to assess the logical 
reasoning of students, the observation schedule is used to 
describe the classroom instruction of the experimental and 
control groups, unstructured interview technique is used to 
study the bases for the interest or lack of it in the 
instructional process of students (especially of the 
experimental groups). 
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4.3.1 Clinical interview 

Objt ctive llo. 1 of the study demands the assessment of 
two reasoning patterns viz,, combinatorial reasoning a ni^ 
controlling of variables. There are three possibilities of 
assessing these reasoning patterns i.e., testing, pure 
observation and clinical interview. The merits and demerits 
of each of these are discussed below to highlight the meed 
for a clinical approach in assessing reasoning patterns. 

A paper-pencil test or any other form of testing; 
that is to say, the method of posing questions so arranged 
as to satisfy the two following requirements; first# that 
the question and the conditions in which it is submitted 
remain the same for each student; second, that each answer 
be related to a scale or schedule which serves as a standard 
of comparison both qualitative and quantitative,has certain 
disadvantages. The disadvantages of this method are 
indisputable in diagnosing children individually. Firstly, 
it does not allow a sufficient analysis to the results. 

V'/hcn working under the stereotyped conditions v/hich the test 
method demands only rough results can be obtained, which, 
though interesting in practice, are too often less of use as 
theory, owing to the lack of context, Sn short, the test 
method has its uses, but for the present problem it tends 
to falsify the perspective by diverting the student from his 
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natural inclination. It tends to neglect the spontaneous 
interests and primitive reactions of the student* 

The i,.i;uestion of pure observation arises next. Jn the 
case of present research it is the observation of the 
spontaneous questions or reactions of students' which • 
furnishes data of importance. The detaile-l study of these 
questions or r<-;actionc: reveals the questions which is 
revolving in the student's mind and thus reveals his 
cognitive structure. But, the direct observation method has 
drawbacks also. It is very tedious and is unable to 
guarantee the quality of the results, except at the cost of 
their quantity '’it is, in fact, impossible to observe a 
large number of students under similar conditions), In 
addition to tho above drawback, the pure observation has 
tvro systematic defects. First, the student's intellectual 
ogocentricity constltiites a serious obstacle to knowing him 
by pure observation unaided by questions. The student 
neitJ^er spontaneously socks nor is able to communicate the 
whole of his thought (Piaget, 1926 chapters I 6t II) . The 
second drawback to the method of pure observation is the 
'difficulty of distinguishing a student's play from his 
beliefs. It is essential to go beyond the method of pure 
observation and without falling into the pitfalls of the 
test method, to take full advantage of what may be gained 
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from the Gxperimont, With this in view a third method is 
used which claims to unite what is most expedient in the 
methods of test and direct observation, while avoiding their 
respective disadvantagess this is the method of clinical 
examination, used by psychiatrists as a means of diagnosis* 
Cowan (1978) says that the procedure adopted in a clinical 
interview is designed to uncover students' thinJting and 
rijasoning abilities. The correctness or incorrectness of the 
answers presented by the student is important as it provides 
the interviewer with information about the quality of the 
students' thought processes (Wadsworth, 1978 p.225), 
Wadsworth defines tho clinical interview as an ongoing 
experimental process in v/hich "the interviewer asks 
questions to a child, listens, observes, makes a hypothesis 
about tho child's conceptual ability, and proceeds to ask 
more questions based on the hypothesis he has formed". The 
interviewer uses probing questions to get at underlying 
reasoning, provides conflict situations, makes counter 
suggestions, encourages the child to test predictions and 
verify answers, suggests helpful strategics, and shifts to 
related tasks to verify understanding (Cowan, 1978). The 
interview is not a fixed set of questions but rather a set 
of skills to be used during a dynamic exchange between 
teacher and student* Posner and William (1982) say that 
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'the clinical interviGw has an information — cfathsring 
function. Its chief goal is to ascertain the nature and 
extent of an individual's knov7lec!ge about a particular 
domain by identifying the relevant conceptions he or she 
holds and the perceived relationship among those conceptions. 
Once obtained, this information could be represented in a 
suitable format, such a.s a semantic network, which would be 
equivalent to a partial representation of the individual's 
cognitive structure. This approach was pioneered by Jean 
Piaget who in the 1920's developed what he termed as a 
"clinical method" for investigating the nature and extent of 
childrens' knowledge' (p,195). 

The interview begins with the establishment of 
rapport between the interviewer and interviewee. The 
interviewer makes sure that the interviewee has perceived 
the problem ns he wants him/her to, by continually asking 
questions on his/her understanding of the problem. That is, 
rather, a difficult task for the interviewer, especially when 
the language in which he communicates comes in the way of 
the way of the intervievrees understanding. One way of 
tackling such a problem is by asking the interviewee to 
describe the physical details of the task presented in his/ 
her language and use the same words which he/she uses in 
asking further questions during the clinical interview. 
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'the clinical interview has an information — gathering 
function. Its chief goal is to ascertain the nature and 
extent of an individual's knowledge about a particular 
domain by identifying the relevant conceptions he or she 
holds and tho perceived relationship among those conceptions. 
Once obtained/ this information could be represented in a 
suitable format, such as a somantic network, which would be 
eg.uivalent to a partial representation of the individual' s 
cognitive structure. This approach was pioneered by Jean 
Piaget who in the 1920's developed what he termed as a 
"clinical method" for investigating the nature and extent of 
childrens' knowledge' (p.l95). 

The interview begins with the establishment of 
rapport between the interviewer and interviev/ee. The 
interviewer makes sure that the interviewee has perceived 
the problem as he wants him/her to, by continually asking 
questions on his/her understanding of the problem. That is, 
rather^ a difficult task for the interviewer, especially when 
the language in which he communicates comes in the way of 
the way of the inteirviewees umlerstanding. One way of 
tackling such a problem is by asking the interviewee to 
describe the physical details of the task presented in his/ 
her language and use the same words which he/she uses in 
asking further questions during the clinical interview. 
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nhile the problem is presented to the Interviewee the 
interviewer sets several hypotheses on the responses of the 
interviewee. These hypotheses are tested against the actual 
responses of the interviewee which are stimulated, Piaget 
(1960) has classified the reactions of an individual, who is 
being clinically being examined into five categories. They 
ares 1) answering at random with total disinterest on the 
posed problem; 2) romancing; i.e,, inventing an answer which 
he really does not believe; 3) suggested convictions; l,e,, 
answers based on suggestions in the guestions; 4) liberated 
convictions; i.e., answers which comes out of the mind as 
though it is getting liberated and 5) spontaneous 
convictions; i.e., ansvrering from a previous original 
reflection* Among the five types of responses, the first 
three do not help the interviewer much in understanding the 
cognitive structures of the student. The last two are best 
suited and the 'liberated conviction' is the best between 
the two, from the point of view of understanding the 
interviewees cognitive structures. An interviewer has to be 
extremely cautious and sensitive in order to properly 
understand the responses. The interviewer has to take the 
whole context of the situation into consideration before 
judging a reaction and not analyse the responses in 
isolation for its merits as to find whether the response is 
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'right, or wrong'. The edvcintege of this technique over ■ 
others is that during the presentation of e prohlem it can 
be ensured by the interviewer that it has been conceived 
properly. Also, wherever clarifications, are needed on the 
interviewees reaction, can be sought irnrnediately by the 
interviewer. This would enable the interviewer in making 
valid judgements on the reactions of the interviewee. The 
disadvantago is that it is time consuming and tedious. 

In oirder to assess the reasoning ability of children 
with the above mentioned technique needs carefully planned 
tasks or problems to be presented to the students for them 
to react upon. The present study is an attempt at 
accelerating two reasoning patterns viz,, combinatorial 
reasoning and controlling of variables. In order to assess 
each of these reasoning patterns at least two tasks may be 
required. The assessment using one task may be risl^y from a 
scientific point of view since it may give rise to 
erroneous conclusions. In order to increase the validity of 
the information at least tv/o tasks would be required and a 
correlation of the assessment between the two tasks may 
indicate this. Therefore, four tasks will be required to 
assess the two reasoning patterns. The design of the study, 
as given in the earlier part of this chapter (section 4.1), 
clearly indicates that the observations 0i and O 2 sre made 
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on the same students, .'TiiTi.ila.rly observations O 3 end O 4 ere 
I'T^re on another group of students, .Since, there are two sets 
of rerieaied -aeasures perallel basics are re.iUired, The use of 
parallel tasks would reduce tlie carry-over effect to a 
minimum when compared to using the same task. That is, the 
pfs-'^-nsfiSsment. may induce students to re''son in a particular 
T^■='y or in.lticite certain thought patterns in tliem which might 
J-nfluence the post—a.ssessnient, l‘'amiliaritv with the tasks 
might". al‘3o majce t.''£ students perform better when they are 
used on a repeated assessment using the same task. Therefore, 
it. c-.n be concluded that £our tasks each for assessing the 
rc.'SoniuvT pattern are re^iulred making a "total of eight. 

i. 3,1,1 "The tasks to r-'issess the reasoning patterns 

Inhelder and j-iaget (19‘3G) de.scribe several tasks and 
clinical interviews through which the.se t."=isks are used to 
understr-nd the cognitive structures of e multiple cross 
.sec:ti<")n ok children and bhus trace the st':gewise evolution 
of cogn.Lbive s-cructures. 'L'he purpose of usiiio the ^:.3 tasks by 
Pia-.iet was to study the construction of formal operational 
structures by cJ'iildren. The .construction of these structures 
is de.scribed in three main stages viz,, l) the preoperational 
stogo (‘.tage I), 2) the concrete operational stage (Stage II,, 
hnd 3) t!ie forrnal opcr.Ttional stage (.ntage I''I) . In their 
qualitative descriptions of these ste"ges they divide the 
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latter tv/o nein stages co.fiprising ol; tv^o substages each, 

'■.■'hese substages ares 1) early concrete operational substage 
fll A), 2) concrete operational substage (il B), 3) early 
formal operational substage (T"! A) , anc^ 4) fornal 
operctionel r.ubstege i.Tr'1 B) , Though Pirjget has used the 
ta-.ks to study the construction of formal structures by- 
adolescent children, several researchers have used these 
tasks for assessing the stage or substage of development of 
an individual child through the clinical intervie-w technique 
(Renner ct. al., 1970; Lawson, 1979; Dale, 1970; and I.avrson 
1975). Conner et, al. have developed a detailed protocol for 
assessing and classifying the reactions of children into the 
four groups or substnges as discussed above. Inhelder and 
Piaget describe the use of about fourteen tasks of which 
three tasks are used in the present study. They are; 

]) Co'abinatiou of coloured and colourless chemical bodies, 

2) Pendulum task, and 3) Palling bodies on an inclined plane. 
The first one is used to assess the combinatorlol reasoning 
of student?; and the otlier two for assessing the ability to 
control variables. 

There are several other rese«arch€rs who have developed 
similar tasks for assessing the logical reasoning patterns. 

: mong them a few are; 1) Lawson, (197S); 2) Lawson and wollraan 
(1976); 3) I'rederrnan, (1974); and VJright, (1979). A review 
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of these research reports reveal that the responses to 
several tasks by the students are influenced by cultural 
factors. A selected few of these tasks v/hen presented to a 
few adolescent children failed to extract 'liberated 
convictions' and 'spontaneous convictions'. Therefore, it was 
decided to develop, through continuous try outs, five other 
tasks. The five other tasks thus developed are. 1) Fun House ^ 
ruzsle, 2) hockey Player puzzle, 3) Electrical Switching 
System, 4) Photosynthesis Puzzle and 5) Rate of growth of 
plants problem. Among these five tasks, task 1 'fun house 
puzzle'; task 4 'photosynthesis puzzle'? and task 5 'rate of 
gx-ov/th of plants' are based on tasJcs developed by VJalker et. 
al. (1979), .-right (1979), and Henon (1985) respeotivoly* 

•’ask 2 cind task 4 are developed by the ijivestigator, of these 
the first three* tasks are designed, to- assess the level of 
coTibinatorial reasoning arid the latter two are designed to 
asses;:, the controlling of variables. Thus, eight tasks are 
used in the present study/ four each for assessing 
coinbiriatori-il roasonin>; and controlling of variables* A short 
description of these eight tasks are given below, petailed. 
descriptions are given in Appendix E, alongwith the -criteria, 
for assessment. 

i Fun house puzzles The interviewee is given a plan of a 


tliree roora house one connected to the other in a series 




V I.th sevcfr;al doors, an act.i.ve inte;rsction a path 

.^ho'. n to the student through th.o three rooms. They 
are th.on asked to shop, write or tell the total number 
of such possible paths. 

il Coloureo chemicals’ The student is presented with five 
colourless bottles marked l, 3 , 4 and G, containing 
different colourless liquids. He is shown a test tube 
containing ,z colourless liqu.id takciu from the bottles 
singly or in combinations and to it acl^■■^Gd 'G'. The 
colour changes to vellovi'. The child on observing this 
is us^^ud to try as tnanv times as he wants an<^ produce 
the colour using spare tul>os. 

The above described tasks are used to across the 
ombini.torial roasoniug of students. 


ili '-“hotosynthes Is • detailed description of an experiment 
to find the rate of absorbtion of carbon dioxide by 

nt parts of plants are given to the student end 
askty’’ u cc:ri(,jc pF quest.ious. 

Iv Pendulum:: The student Is supplied with threads of 

different length and bobs of different sizes and mass. 
TIk.v are asked to find out tho variaVjlc which affesets 
the- period of oscillation. 


The above described tx-^ro tasks arc used to assess the 


controlling of variables' of students 
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V Mockcy pl.aynr puzzle; The interviewer, .is vsuppliea with 
c card on which n hoctcav player is drawn, Along^/ith 
ti'.ivj he is also supplied v^ith coloured paper cuttincrs 
cut In the shape of a jersey^ shots^ stockinys and 
hoots. Jerseys of four different colour, shots of three 
dif 1 cront colours, stockings of two different colours 
and boots of t’’’o colours are suoplied to the 
interviv'-"''?c. 'i.’ho iitudont is then asked to find the 


total numljcr of possible combinations in viiich the 
playina :josr can bo worn. 


v.i ^lectr.ical s\’itching system? This consists of a series 
of five switches numbered 1, 2, 3, 4 and the last 
sv^itch marked 'M'. A ccwnbination of the switches 1, 2, 
3, 4 in 'on' position and 'M' in ‘on' position makevS 
a light emitting diode glow ci.s the circuit is cciT^I&te. 
Thtj i ni:e»'viov'ev is the s a.skcn to try all possible 
coiihinations of: the s^vLtches in ‘on' position to make 
the light omitting diode glow. The interviov-oo is 
encouraged to try all possible combinations eve^n after 
striking one combination. 

The above d.'.scribed t?!.ro tasks are used to a-vsese the 
'combinatorial reasoning' of students. 
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vll Grov^h rr?te of plantss The student is supplied with 
data regarding the growth of six potted plants. They 
are asl^ed to compare the six pots to answer a question 
regarding the comparative growth rate under similar 
conditions, 

viii Falling bodies on an inclined plane? The student is 

suppj-ied with inclined plane. He is allovied to vary 
the angle of inclination. The interviewee is given a ' 
set of metal bobs of varying sizes and weights. The 
interviewee is asked to find the variable responsible 
for the length of bounce of the bob by performing 
experiments. 

The above described two tasks are used to assess the 
'controlling of variables' of the students, 

4,.3,],2 Try out and validation of the tasks 

All the eitht tasks described above were tried out on 
twentyfour IX grade students of an English medium school in 
Baroda, The try out sample consisted of ten girls and 
fourteen boys. Their age varied from twelve years and four 
months to fifteen years and nine months. Their average age is 
thirtee-'n years and seven months. Each student v/as called on 
to a room free from disturbances and a task was presented to 
him/her (inteirviewee) bv t'’e investigator (interviewer). 
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Before presentina a task the investig.-^tor 'interviewer) 
explains the purpose of the interview. Special emphasis is 
given to indieaLe that the tasks they are going to do is not 
n, tefji- or examination'. This is done to reduce the 'test 


an^-viety of the interviewee, Alongwith this the interviewer 
asks 'Stions reg.-'roing their study habits, from whom they 
seek help for their acadeiic problems, tteir position among 
the siblings, etc,, to establish ra-’port with the interviewee, 
pSuch -questions asked in an informal situation gives the 
interviewer an insight into his interest in the curricular 
activities. After establishing rapport with the interviewee 
a task is presented to him/her ensuring clarity at each step 
of presenting the task. That is, after describing the task 
to the interviewee, the interviewer asks the interviei'/ee to 
txTolain it in his/her own words. This helps the interviewer 


in identifying the hurdles of the interviewee in understanding 
the given problevi. ■';ace is taken by the interviewer in 
subse^iUent oxplsnptions to the Interviewee to use the same 
words u.sod by the lather, Jetailed observations are made on 
hovr the inttrviewoc goes about solving I;:!!© problem. An audio 
recorder is used to record the consfirvation between the 
interviewee and interviewer. Thus two sets of observertiotis 
are nade viz,, the interviewer's detailed recordings on the 
performance of the interviewee and the audio recording of the 
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cntiv irsation oetwoen the intervievreir and interviev/ee. Both 
thosf.; .recordings are then given to three judges who agree 
w-ith the theoretical fraTiev/ork on which these observations 
are rnac'i,; and ?re familiar with assessing the reasoning of 
children using similar tasks^ the invesiqator being one among 
the three judcjei;. ’’he thr^'e Judges VTere re.^uested to assess 
tlio level of reasoning of each student, directions were given 
to the three judges for assessing the reasoning patterns. The 
directions include the criteria for assessing the logical 
reasoning i,e., the reasoning patterns into four categories 
viz., early concrete (II A), concrete operational and showing 
signs of transition from concrete to formal (IT 3), early 
formal operational (''"TI A), cond formal operational (III B). 
The criteria were developed on the same lines as given in the 
protocol desiqned by Renner et, al, (1976), The criteria for 
Qcsosfrnent is given with each task in Appendix 3. 


The ratings of the three judges on the ressoning 
patterns (in all tlic eight tasks) of the twentyfour ^students 
arc given in Appendiic C. Un a single task there can be 
thirtysix possible ways of disagreements among the ratings 
of the three judges on one student. Since there are twenty 
four students and eight tasks the total pesfrib-Le disagreement^ 
are: 36 X G X 24 = 6912. Out of these many possible 
disagreements among the judges, they have disagreed only 
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forty tines (,^qq Appendix c ) , thus malcing only 0.57% «f the 
tote! possible disagreements. This shows the high reliability 
of the assess nent procedure, it may also be noted 
Appendix c that out of forty disagreements; there is not even 
a singl. case where the three judges have assessed a'gtudenfs 
reasoning into three different categories. An example of such 
a pattern of assessment is os follows; judge A assesses a 
student's reasoning on a given task es II A; judge B as Ii b 
and judge S as III a. Another observation that can be made on 
the assessment is that the difference between the assessment 
of two judges on a given task and student is only of one 
degree. That is, thr. clisagrnement is only bot^-reen two 
adjacent categories and not betvreen far away ones, out of the 
forty disagroemonts, thirty four ore between the categories 
II and II i: and six between the categories II b and lii a, 
-11 these indicate the high reliability of the procedure 
cuoptod to assess Llio -easoning patterns using the clinical 
int'^rviev? techniguo with the aid of the tasks developed, 

4.3,1.3 lielationship among the tasks assessing similar 
reasoning patterns 


To establish the relationship ainong tasks assessing 
similar reasoning patterns, viz,, combinatorial reasoning and 
controlling of variables, the judgements of one anong* the 
thre-e judges is pooled together (.Bee .’appendix c) , 
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Thcrf^ ere four tesks uscc^ to r^ssess each reasoning 
pattern, j'or asserasing the combinatorial reasoning of students 
the tc.sks usee are: fun house puszlc, coloured chemicals, 
hockey player puezie and electrical switching system (Refer 
section 3,1.1). The data, from Append!:: C, show that judge 
11 (Marked A it' Appendix *J) disagrees only, ten times out 
of the possible one thousand one hundred and fifty two 
patterns of disagreements. /•. total agreement of judge II on 
the for tasks ivould be one among the four possibilities viz,, 


II A, II A, TI A and II A; TI B, II B, II B and II Bf III A, 
ITT A, ITT A, and I'd A; and III 3, ITI B, III'b and III B. 
There are forty eight possible disagreements on the Reasoning 
patterns of oach student. Two examples of such. jdi<?®gr<»ement 5 
are; 1) II A, II a, II k and II and 2) II A, II III a 
and III n. T '0 disagreements of one judge II form ortly 0,86% 
of the total possiV^e disagr^jements, i.e., 16 X 100 / 11S2. 
This ic an inf^icator of tho relationshtp among the f6ur tasks 
to assess the combinatorial reasoning of students. 


A similar analysis on the four tasks to assess 
'controlling of variables' show that judge II dissgteea eight 
times out of the possible disagreements. This is only 0,69% 
of the total possible disagreements. 


It also be noted that the degree of disagreemont 
is only one, i.e,, between two adjuscent categories. 




4,3.2 Observation schedule (SOCOPSI) 
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The hypotheses of the study (Chapter ITI section 3,10. 
demand a comparison of the experimental and control group 
'inputs'. That is# a detailed description of the instructionr 
process in both the control and experimental groups. In 
addition to such a comparison, the 'treatment' in the 
experimental group n^ieds to be described to indicate how the 
instructional nodel r^'^erred in chapter lit (section 3.4.2) 
operates in an actual classroom situation. It may be 
mentioned here that the instructional model is based on the 
same theoretical frame as the 'curriculum reorganising' 

(Refer chapter ItI section 3,4.1), It is worthwhibe to not- 
what Mo non and Bhat (1984) have to ssy regeirding the 
understanding of an instructional process. They say that 
'undt'rstanding instruction would mean conceptualising, 
explaining and predicting its dynamics within a theoreticp’’ 
frame and also critically analysing it'. Reviewing studies 
involving classroom observation thay mention that the 
researchers do not seem to appreciate the need of .exp-lloatl 
and clarifying their theoretical positions. Neither is there 
any atte ipt at articulating the various tenents of an iittplici 
theory and asking meaningful questions, the answers of which 
would refine the theory. Probably because of the lack of a 
well articulate''' rational framework, the observational, data 




13a 

do not s«em to be 'nec'.ningfully collated into further cfueetions 
and research problems*. The selection of various observation 
instruTnents appears to have been made arbitararily and not on 
the basis of r well articulated theoretical frame justifying 
its use. llenon rnd jihat proposes a relatively unstructured, 
manner, so that, the details of the classroom instructional 
pi^ocess are not misscr in the process of projecting a 

‘ I 

preconceived structure on reality. In other words, they 

suggest that the techniquie of observation should not limit the 

possibilities of eliciting such details from the reality. 

Bhot et, al (1981) have developed an observe^tion schedule 

which accommodates the qualitative description of a clessroo’^ 

instructional procest- cal lad "System of Observation of 

Cognitive Processes in Science Instruction" (SOCOPSI). The 

GOijr'PST has two major dimensions viz., the behaviour dimensio- 

end the proces'i dimensioni, Details r..»garding the categories 

under each dimension, their explanotions, end possible ■ 

/ 

patterns of classroom interaction are given in Appendix Di, 
Aiiong the nine patterns described, the instruction through 
pattern IX would aid the dognltive development of the 
learners. The above statement is bared on two reasons. One, 
this pattern of classroom interaction tends to approach the 
Gcience Instruction Model discussed in chapter III (section 
3.4.2), That is, the classroom instructional pattern takes the 
shape of a cyclic process where; probletis are generated. 
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solutions are hypothesised, invalid ones are rejected, valid 
ones are accepted, and the accepted ones are integrated into 
the previous knowledge structures. Two, pattern K better 
accommodates the dynaralem of the curriculum reorganising 
discussed in Chapter III {seotien 3.4.1), That is, the 
curriculum frame adapting to the cognitive needs of the 
learners' in a dialectical fashion. 


4.3 i3 Unstructured, interviews 


This technique of collecting data is used in the 
present Investigation for three purposes, one, to gather data 

• of peers, siblings, parents and 
other individuals on the curricular activities of the 
students interests, hobbies, etc. The objective of gathering 
such information is to get an insight into the students' 
interest, or lack of it, in the instructional activities. It 
may be mentioned here that active participation (in the 
cognitive sense of the terra), is a condition for the 
development of cognitive structvires and reasoning patterns 
of the learners (Refer chapter III, section 3.8). Two, tp 
collect data regarding the planning and, execution of 
curricular and co-currlcular activities of the teacher who 
taught the control groups. Three, to collect data regarding 
the admission policy of the school authorities vi«,, the 
Principal and the Secratary of the trust which runs the 
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school. The intorviov7S with the students, the teacher, the 
principal and the sr?crata,ry of the school wore carried out 
in informal situations like, the playground, the library, 
in the corridors, and the staff room of the school^. The 
information thus gathered was recorded by the investigator 
in tne form of anecdotal records. Details of these records 
are not presented in the body or Apnendices of this report 
bocauso it is too unwieldy* The description of the sample 
discusscjci in section 4*2 is partly based on the information 
gathered using this technique. 

The met in difference betv/ecn the unstructured 
interviews and the clinical interview is that in the former 
the investigator does not frame any hypothesis on the 
rcspon*^es of the interviewee whereas in the latter the 
investigator (interviewer) frames a certain set of 
hypotheses on the responses of the interviewee and tests 
thc;/n against the actual responses. It is through the testir' 
of such hypothesis or hypotheses that the investigator 
assesses the level of reasoning of the interviewee (Refer 
section 4,3.1.1). 

4.4 'Che Krperiment 

What follovrs in this section is the procedure adopt©' 
in carrying out the experiment. This is described under fou 
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ST-ihssctions vis. . tj■'"©—> ass©s 53 iTip»'n-f- _ „• . . 

/ o.^ tot,is ament: or tne reesoning patterns 

of students belonging bo one each of the control and 

experimental groups, curriculum analysis of the chemistry 

portion of grade IX, description of the treatment of the 

content and the post-assess rent data of all the four groups 

(tVTO S-cperi uental groups and two control groups) . 

4.4.1 Pi:e-a s ses sment 

Among the four groups detailed in section 4.1 and 

table 4.3 , uroup 1 and 2 are pre—assessed using th"' 
four ti.shs from among the pool of eight tasks mentioned in 
section 4.3.1,1 and described in Appendix These 
observations are nentioned as 0 i and O 3 in section 4 . 1 . 

Group 1 fexperimental group, IX A, N =* 50) was pre-assess'-sd 
during the academic year 1981-'82 and Group 2 (control grc 
IX A, M “ 5 2) during 1982-'83* TUnong the four tasks used t 
assess the reasoning of the students, two were used to aSs ' 
the 'combinatorial reasoning' and the other two to assess 
'controlling of vf^x'iables', Pro’.n among the pool of four 
tesks to ascesv the 'combinatorial reasoning' of students 
two were chosen at random for the pre-assessrnent using 
clinical interviews, '''^he tasks chocen are 'fun house puszlo 
and 'coloured chenicals'. Similarly from s nong the four ta'^' 
to assess the 'controlling of variables' of students two 
tasks are chosen at random for the pretest. The tanks thus 
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chosen sre; Thotosynthesis puzzle' and 'Pendulum'. The 
interviewer chose the interviewee from among the group at 
random. This was done to reduce the probability of students 
coming to the interview with 'prescribed emswers'. Thouah the 
above mersuros vrould reduce the probability of students 
coning with prescriptive ansv/ers, it does not totolly rule 
out such a possibility* The clinical intervievi technique has 
the cS'pobility of probing further into these 'prescriptive 
answers' and making the interviewee come out with 'liberated 
convictions' or 'spontaneous convictions*. This is a marked 
advcntaqe of the clinical interview technique over group or 
individual testing/ and pure observation (discussed in detail 
in section 4.3,1). '’ample interviev/s for each of the eight 
tasks are given in Appendix K. Appendix E gives only tlie 
relevant portions of the sample Interviev/s to hic’^hliaht the 
node of assessment. The saimple clinical interviews are 
chosen in .such a way as to give one sample interview from 
each of the eight tasks giving two example.^ fro a the four 
levels of ci.'Jses.s lent viz., TI A, IT 3/ ITI A and lit 3, 

The assessment cf reasoning of the two groups i.e., 
■.'roup 1 and Group ?. in the design (Re.Fer section 4.1) are 
given in the follov/ing two tableiS i.e./ table 4,5 and 


table 4.6, 
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Table 4.5 
The asceg.s.nent 


ine assess,nent of 'conbinatorial reasonino' 
and controlling of variables' of Group 
students (ix A, 1981^*02) ” ^foup i 


N = 50 


Levels 

of 

reasoning 

Reasoning 

Patterns 


Combin 
roa son 

a to rial 
ing 

Controlling of 
variables' 

'"c'sk I 

Task II 

Task III 

Task rv 

TI A 

34 

30 

40 

38 

.r;f. B 

13 

18 

7 

11 

TI.T a. 

3 

2 

3 

1 

Ill B 

« 

0 

0 

0 

—»■ '■ * -- 

0 


Table 4.6 


rho assessment of 'controlUnc; of variables' 
and combinatorial reasoning' of Group 2 
students (Ei A, 1982-'83). 52 


Levels 


Reasoning Pa’:.t9rns 


of 

reasonino 

Combina 
rea son 

torial 

ing 

Controlling of 
varicbles 

Task I 

Task II 

Task III 

Task IV 

II A 

38 

34 

41 

37 

ir B 

13 

16 

10 

14 

III A 

1 

2 

1 

1 

III B 

0 

0 

0 

0 


The -c-tails of the pre-assessment data are given in 
Appendix F. Fro 11 the above two tables it is clear that the 
students reason at the concrete op^^rational level, abne of 
the students operate at the formal operational level (III B)’. 
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only, throe students out of fifty in the first group and two 
out of tifty two in the second group, shov; any sign of formal 
ope:rr:tional thinking on any ono single task. All these 
clocrl"’' indicate that -the majority of the students operate 
either at ec’rly concrete operational level or show signs of 
transition. Thus ohjectivo 1 of the present investigation 


(r*"; .or chapucr XJJ, section 3,9) is realised throuch the 


anoVe procedure, 


Analysis of the chemistry portion of the curriculum 
frame of grade li: 

■I'he second objective of the present study (refer 
chapter irt^ sech.ion .3,9) is to analyse the chemistry 
oo.rtion of the science curricula n' of grade DC based on the 
level of reasoning manifested by the students. The discussion 
in the previous subsection (section 4.4,1) and tlie tables 
given there clearly indicate tliat almost all the students of 
the class operate at the concreJ-c Icevel of reasoning, 
Thevreforc, the analysis of the chemistry pojrtlon of the 
prescribe''’ curriculum should aim at concretising the formal 
concepts so that the students can assimilote them. Also the 
<‘1 ns lysis should ai.n at cresting cognitive conflicts in the 
students so tiiat the attempts by the studenf'.a to resolve 
these conflicts v/ould aid -the develop nent of their cognitive 
structures. 




The d-lf j.erfint "Linits in the proscribed curriculum 
fr?-'if-. ore .ns followsj 1) o^^ygen, 2) liychrogen, 3.) nitrogen, 
4 ) -'OofTphorus, •:) r.ei-rbon and organic compounds, and 6) The 
]d.nctics of Chemical reactions. In these units the students 
ore r 'c^u^red to loarn the physical and chemical properties 
o i: tilt? oleTients nentioned, their preparation, industrial 
iV,nuPicturing procejss, and uros. Most of ti*.eso concepts 
rM^uire fr.rmal reasoning on the part of the stiadents for 
proper assiailation, For example, to assimilate a chemical 


roacnion and to predict the 'product' of a reaction when the 
r:iactaijts ar.-* given re>iuires propositional logic, 
combinatorial reasoning and controlling of variables. 


Infornal interviews with the students to find their 
background ]i:nowler‘ge reveal that they have not developed the 
concept oP mcitter as particulate. Also, they do not conserve 
'(-"■ss which Is primarily required to assimilate chenical 
rc< ctions, prw.ict products and understand the kinetic.s p£ 
chemical redactions. 


'.Oho content points dec It in the text book are not 
properly seviUanced and interlinked to fom a structure. 

There are several gaps and these are to be filled in 
suit;-»blv to form a total structure. Dealing with the chemical 
elements as s«''pcrate unit.5 is a clear example of this. 
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TL3ac^ing then as seperate units would not aid the cognitive 
f;evelop-nent, rather it may come in the way. The infor-nation 
tiius lc>.'rnt, bv the stu'^ents, v^ould remain as isolated bits 
of infomrit,bion vrith no proper liEJtage, The students should 
be able to predict the preparation and properties of 
eleacnts based on an understanding of the interrelationships 
of the properties of those elements. 

All the above discussed points demand the 
restructuring of the curricular framework, mhe restructured 
cn.rj:icular tranowork should fill in the gaps of the existing 
one, ’.noludo ell basic concepts required to build more 
conplcx onoa, on'i should int(5rlink all these into a wholistic 
structurnn, ‘ 


Lluch a restructurini? Wc’S done after analysing the 
content of grade tx, Tho v/hole content structure thus 
reformulated is given in Aooendix O thus realising the 
objective 7 . of the study (refer chapter III, section 3,9). 
it iiay bej laontioiK'd that a mere didactic presentation of the 
content matter given In Appendix G may not aid the cognitive 
development of the students (learners). The structure has to 
adapt itself to the cognitive re-piirements of the learners. 
Such an adaptation of the curriculum structure can only be 
manifested through a dynamic class-room interaction where; 
data is presented to the learner or recalled fro.n their 
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repertoire of experiences, to cause cognitive dissonance or 
conflict in the students. Creating such n conflict, by 
providing date contradictory to the belief of the students, 
has tvo objectives, one, to arouse curiosity or Mndle 
thought processes in students. Two, to initiate a classroom 
Intoractlon which tight lead to resolving the conflict. In a 
classroo-'fl of fifty and above students it is very difficult 
to involve all the students in the classroom interaction. At 
tht: sf no time it is not conducive from the cognitive 
dovolo)^ lont point of view - to restrict the classroom 
interaction to only a fete students in the classroom, cleducing 
ti3e discuiasion to a fev/ students v'ould impose restriction on 
otner students from co:i\ing out vrith probable hypothetical 
solut-ions to the problem that has risen in the discussion. 
Therefore, i.t .is necessary to accept all poss.lble li''''potheses 
on the problem from the students and tre^it them as valid 
ones until there are contradictions, v/ithin the hypothetical 
solutions or they are disproved by further anal^/sis of data 
given hv any member of the class or the facilitator (teacher) . 
Detaile'l descriptions of sample instructional interactions 
are given in Appendix to show how problems tire evolved out 
of a classroon interaction and how the fp~cilitator guides 
the intei-'action in verifying the variety of hypothetical 
solutions that <'riBe through such discussions. Appendix H 
descriV's only two lessons, out of six, observed using 




ijOCOPS ., Tt msv be Tnentionf=i<^ « 

len-cioned, regaroing the tratment lesson 

that; though attempts at laduoing cognitive conflicts are 

made during each lesson, it nlrriTt. 

ir .night not appeal as conflict to 

all students of the class, it would appeal to those who 
actively participate in the classroom interactions. .Several 
such attempts may Influence the .quantum of partio.ipatlon as 
well a.s incroa.ne the nurdser of students who participate. 

4.4.3 ‘’»uration of 't^.-tment' and 'control' 

i'ne '-Broup 1 and f^roup 3, discussed under the design 
of the study (soe section 4.1), formed the experimental 
ornup.s. Tioth these groups, d.lvislons a and B of grade IX, 
belong to the ecodenic year 19f?l-'82. The experimental 
treatment lasted for about six months i.e., the second 
semester of the academic year 198i~'82. Only the regular 
science periods provided in the school time-table were used 
for the t.reatment. That is, three sessions of fortyflve 
minutes «3uration per vreei«. The total number of classes 
engayci in group 1 {7.\ A) were forty seven sessions and in 
group 3 (IX hi) v.7ere fortye.ight sessions. This was of 
particular interest to the investigator fro n the point of 
viev/ of the feasibility of conducting such an expG,riment 
V7ith the limitations of an actual classroom with all its 
constraints. The teacher of the experimental group (here the 
investigator) v;cs available in the school on all X'jorking 
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Of . week to feollltata Inaivlauel dleoueslona 
initletea by the students with the teacher. There were 
el.,htoen such small group or Individual discussions with the 
Investigator during the period of experl lentstlon^ (six 

months), no snail group discussions included two to three 
’TiembcrF at a ti'ae. 


VVic xnvestig,ator w-.s available to the principal of 
the schor.l to utilise his services when the other regular 
to. cherr. of the A and B divisions were on leave, nuring the 
period of treatment there were eight such sessions with 


group 1 Cir a) .--nd seven with group 3 (KB). Those sessions 
were utilised for discussing science related topics or any 
other topic of general interest of the students. The topics 
of discussion that erme uo during these sessions were on 
space tochnolog:/^ ©stronomy, iiieter.iolo<jy, etc. The choice o 
topic was left to the students? sonetiaes it originated fror. 
the prc?vious discussions conducted during regular classroom 
interactions. Those sess.lons may also be seen as part of the 
exp(- jrimental tri.jat.Tncnt, though U’.ey were all totally 
uiplanned sessions, ^^hough the sessibns were unplanned, 
they Gonrainod an element of guided discovery to the 
problems that were being discussed. Xn short, the 
instructional mode of these sessions were similar to the 
r gular Claris "ooa interactions. 
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Oroup 2 and group 4 (discussed in section 4.1) forms ’ 
the two control groups. They are the ix grade A and B 
divisions of the acade-^iic year 1982-'83. The regi.iLar teacher 
of the school taught chemistry for fifty and fifty two 
sessions respectively in these classes. She had engaged 
eighteen and fifteen extra sessions respectively which were 


mainly used to revise the earlier portions or doing 'home 
work*. The oattorns of her classroon interactions are given 
in Appendix I. Appendix I contains two sample lessions, out 
of six, of tuG control group teacher observed using SOCOPSX 


(refer section 4,3,2), 
4.4.4 F’o*’t-"-'SOS sclent 


Towards the end of the IJ semester of the academic 
year 1981-*82 th;;,two treatment groups, i.e., IX A and B 
divisions wore assessed. These arc group 1 and group 3 of the 
design of tho exp';jriment and the assessments are O 2 aud O 5 
(refer section, 4.1), The tasks used for the assessment are 
from the pool oc eight tasks described in Appendix B. The 
tasks which were not used for pre—assessment were used for 
po St- a s se s s no nt, \ 

They are; 1) hockey player puzzle (task ■^^), 

2) Tclf,ctric«nl switching system (task VI), 3) Rate of growth 
of plants (task VII), end 4) Falling bodies on an inclined 
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piano (task VlIJ) . As in th^ 0-10* 

. / . . s xa T:ne case of pre-Bssess-nent, the 

students wers called one hv ^ 

iiea one cy one to a roo’n free of disturbances 

,-nfl th .• tasks wor,. p.:ftsented to hi^ to act upon. Details,! 

observations nro :iiEide on the way the child proceeds to seek 

an .-nswer. Dasi;,’ on these observations the interviewer 

ass.-,ssed their level of reasoning into one of the four 

c-.tovori'js viz,, 1) early concrete (ll a), 2) concrete or 

transitional (□ 3), 3) early formal (III A) and 

4) foru*',! (I rc P.) . 


wwerds tho end of x: sem-ster of the academic year 
1912-'l'3,- tho two control groups, i.e., K A and D divisions, 
worn ac-i.ss.-E,-?. rhese two groups form the group 2 and group 4 
of tho desi'm of the experiment and the assessments aro O4 
?nd 0;. section 4,1). 


The; daf- thus colloctnd from both those sets, i,e,; 
and Oi-j, 0.5 ?re given in Appendix J. The consolidated 
rl.’ta ore glvnu in the tables 4.7, 4.8,, 4,9 end , 


.'■’I ■ 
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Table 4,7 


ibe ci.'*ji.veL.smen't of reosonincr pattejms of 
group 3 students, IX A 19ei-'G2. (Op) , 'if = 50. 


LoveIs 




reasoning 


II 

II b 
I IT h 
Ill B 


Reosoning patterns 


fJombinotorial 

reasoning 


Task V 


13 

17 

3 


Task VI 


17 

11 

17 

5 


Coiitrolling of 
variables 


Task VII 


29 

13 

7 

1 


Task VIT3 


30 

11 

7 

2 


Table 4.8 


Tbe assessment of reasoning patterns of group 2 
students, IX A 19G2‘-'83. (O4) . N == 52. 


Levels 

of 

reasoning 

:'^eaaoning patterns 

Oombinatoria1 
reasoning 

Controlling of 
variables 

Task V 

Task VI 

TaskVII 

Task VIXT 

rx A 

30 

25 

35 

34 

rr 13 

16 

to 

0 

13 

14 ' 

ITI A 

r: 

6 

4 

4 

lit B 

1 

1 

0 

0 











Table 4,9 


Levels 

of 

reasoning 

.■Reasoning patterns j 

Combina 

resso 

toria1 
ning 

Controlling of 
variables 

Task V 

Task VI 

Task V.tl 

Task VIII 

XT IS 

22 

20 

32 

31 

II B 

5 

7 

Q 

14 

III 

23 

21 

P 

5 

III B 

2 

4 

2 

2 


Table 4,10 

The assessment of reasoning patterns of group 4 
students, IX B 196 2-'83. (06) >i’ = 50 


Leve1s 

Reasoning patterns 

o ^ 

Combinatorial 

Controlling of 

rensoninq 

reasoning 

variables 

'Oask '?■ 

Task VT 

Task VII 

Task VIII 

imm 

29 

31 

37 

37 


,ie 

16 

12 

11 


3 

3 

1 

2 

III B 

0 

0 

0 

0 _J 

U 



■ 1 - 1-rrn- 



further analysis and interpretation of the data 
presented in t-*is chapter are given in the following 
chapter* 
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1 * 


This inJrormcitlon is based in 
thrt Principal of the school. 


an informal interview with 


2 , 


3. 


informal interview was 
hundred and four units of 
* '.athar, it i^as restricted to three types of 
1 ) those students who showed disinterest 
the classroom interacti/^n, 2) those who were overtly 
participating in the classroom instruction, and 3) those 
‘ no have a jproached tne investigator for help. 


thLs information regarding the number of informal 
discur si(*»ns initiated by the student is from the 
anecdrttal records maintained by the investigator. 
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C/,iJJTWR V 

, 'ALY,'; r,‘j a ! LO J 'iT .JnPRRTAT TOW 
n.O Tn'--roduct.lon 

■i”ns d^tc'i g .tli6=>rer: through the procedures detailer3 in 
the urovicus char.ter ia analysed and presented in this 
chapter aloiicp'i tli tne interTjretations, The analysis of the 
()ata tiatherc<i through the G0C0P»?^T is presented, in the first 
,yr ction of thi.'j ch."‘ -ler, to htchlight the nature of classroom 
intpraction in the exnorimental and control groups. This is 
Eollotted by the ent*lyses and interpretation of ti’^e data 
obtained froiTi the experiment described in the preceeding 
chapter, keeping in viev^ the objectives of the present 
investigation (reEor chapter TTI, section 3.9). It may be 
■mentioned her-? that among the five objectives pre?rented in 
chapter th- rc;< ■lisation of objectives i and 2 have 

already boon d'.scussc.'d in chapter XV (refer sections 4.4,1 
i-;nd 4.4.2). i'ho ^‘calisaticn of objectives 3, 4 and 5 are 
discusf-ier’ iii this chapter, /i. process of hypotheses testing is 
implicit l"i the realisation of these three objectives. The 
hypothosorj set in chapter III {refer section 3,10) are 
restated under each sub-section. This is Eollo'/ed by a 
qualitative analvsis of the anecdotal records tracing out the 
major rc^asons for the lack of interest in classroom 
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isctiv.tties arooncf the students. The chapter concludes with a 
discussion on the results of the present investigation amidst 
other studios in the field* 

?.1 Classroom "nteractions 

Cix sessions each of the 'treatment' (reorganised 
Gurricului'i frame!, and the control (prescribed curriculum 
frame) were' observed using the System of Observation of 
Cognitive Processes in Science Instruction (EOCC^SI). The 
'instructional events' and the 'instructional episodes' 
recorded using the sexIOPSI are given in .Appendix K. An 
analysis of the 'instructional episodes' (which conbains 
Si-sveml ' inst3ructional events') show clearly that they differ 
in the experimental and control groups. All the six 
instructional sessions obscjrvcd, among the treatment, shov7 
'process of inCiiiiry pattern' of instruction (se-? pattern TX 
in Appendix D)a closer examination of these episodes reveal 
bhat during those interaction sessions the students initiated 
hypotheses, criallenged hypotheses initiatad 177 the teacher, 
tested hi^otheses, accepted or rejected hyi;.>otheses, and 
concluded through the process of testing, tn contrast the 
analyses of bhe 'instructional episodes' of the control group 
reveal that they are of 'narration with recall tvi,)C questions' 
typo (refer pattern HI of Appendix J) . nil the six lessons 
observed of the control group were of this type. A closer 
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exatnina.'txon of the instructional episodes reveal that the 
student init.rated (questions and hypotheses were cfivon 
prescriptive answers or explanations by the teacher in the 
control qroup. Thoro is no atte’npt Tiado by the teacher to 
ignite the thouaht processes of the students. Hero, the 
treatincnt of the content is at the information level, 

5.?. Effect of ileorganising the Curriculum "'rame on the 
Combinatorial Lleasoning of Students 

Cl'iu'ng the effect of reorganising the curx'iculuni 
frame on the combinatorial reasoning of students form a part 
of tho objective of the study (refer objective ’’'o. 3, chapter 
III, section 3.9). fho effectiveness can be established in 
three ways viz,, 1) by comparing the difference between the 
pre and T?ost-ansessments of group 1 and group 2 students, i.e,, 
the Gxoerimental and control groups (refer chapter IV, section 
4 .1) r 2) by tho statistical analyses of the following four 
pairs of observetions i.c., Og « O^jL' ^2 

0 - .V O ? end 3) by subjecting tl^e post—assessvnent data to ^ 

2 1C 2 analysis of variance as suggested -in chapter 1D7. 

5,2,1 Comparison of the gain scores of experimental and 
control groups 

Group 1 and group 2 students have been subjected to 
pre and post-assessments. They are 0^ and O 2 , end 0^ 0^ 

respectively as given in t?-ie design of the experiment. The 
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di-ference in the pro. end post-assessments i,e.^ minus 0 ^ 
and 0^^ minus 0^ are compute^ from the data given in Append.ices 
and J and presented in table 5 . 1 . 

'.I? able 5,1 


Improvemont in the combinatorial roar.oning of students 
-in the e:x;perimc!ital and control fxoups (groups 1 and 2 ) . 


.’■'aturc of 

Task V and 

Task T 

Task VI and 

Task Ti 

the group 


Improved 

Not improved 


bxporimenta 1 

i :- r. 50 

21 . 

2 *^ 

23 

27 

Jontrol 

W 5 2 

38 

14 

- _J 

38 

'1.4 


above toblo shows that among the stu ents vdio have 
undergone the c/.periraental treatment/ 58’’4 have improved their 
reasoning \- 7 hen assessed through a pair of tasks and 54 % have 
improved tbioir reasoning when assessed through e parallel 
pair of tas]:s. I'hile, in the control group only 27% of the 
studjnts show improvement v/hen assessed through both the 
pairs of tesJ^is, It may he mentioned here that in both the 
experimental and control croups there is not even a single 
case where there was a decrease in the level of reasoning, 
further analysis of the data/ where iraprovemenb in the levels 
of combinatorial reasoning is noted/ ro'^^erl that the 
increment has been of only one unit in the case of all the 
fourteen students of the control g.roup. In the expurimeittal 
group out of the bwentynine studenbs who have shown 
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improvcvuGnt/ when assessed through the first pair of tasks, 
the increment is of onj unit for twenty two of them and of 
two units for seven. Similarly, among the twentyseven 
students who navo shown improvement, when assessed through ? 
paraLlel pair of tasks, the increment is through a degree of 
odl'.’ unit amono nineteen of them, seven of them show an 
ino]:einent of two degrees end one shows an increment of throe 
un.its. The increment oc increases in the level of reasoning ■ 
are furtht-r elaborated in table 5.2. 


Table 5,2 

The increment of improvement in the combinatorial 
reasoning of experimental and control group students 



Tt may be noted from table 5.2 that the improvements 
in the levels of reasoning from concrote <II h) to formal 
( rilii) is shown only by the experimental group students 
whereas among the control group students there is not even a 
single case of such an improvemr:nt. The improvement in the 
level of reasonii^ig from transitional { lI d) to forgitii (I3’I B) 
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is shovm only by the oicporirncntc 1 students. It may also be 
not^<'' from the table that the number of students who have 
improved tlujir IojvcI of reasoning from transitional fTI B) to 
early formal (TII a) is moro when compar-.d to the iitprovGment 
from corici'vjte (T‘C to transitional (IT B) in the case of 
the e:rperi'‘i,tontrA gro^ip i-rhereas in the control group the 
numfooc of studci\ts who have improved from II A to II B is 
moro viiGn compnre-jd to the improvement from I'" B to III A. 

Thi.s cho'..'.'" th?t the treatment is effective in improving the 
rjasoning of si-ud<^nts to higher levels V7hen compared to the 
control grou’t. Then i evidences clearly Indicate the effect of 
reorganising the prescribed curriculum frame on the 
combinatorial reasoning of students when compared to the 
Im-provevncnt brought out by the o^iisting curriculum frame. 


5.?.2 Bt;tistical analyses of the er-q^erimental data 


In orrJer to conduct a statisticr?! anal^J-pos on tbc 
e.y.pf.-rlm(jnt'.-l d-'t-' the four levels of reasoning are assigned 
Gcorus. 'J’he scores assigned are r-s follows^ 3 to the level of 
reasoning IT A, ?. to ti B. 3 to tji a, =?rid 4 to II-'' B. -Phe 
levels of reasoning from early concrete to foniiial are in 
hierarchical order and honce the scores are given in the 
incr-aaing order frora 1 to 4. The scolo thus formed is 
assumed to be of interval scale. Based on the assign^:K3 valuer, 
and standard deviations are computed on the sit 


the means 
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obseirvotions mfi(^G duritiq the experiment. To test the 
slgaitJcance oE the difference between the means *t' test is 
ppplicrl on the followina four pairs of observations i.e., 

0 ^ and 0^, (^2 <^^. 1 ./ Oc •^’nd 0^^ and 0^, and 0^ to tost the 

Follo'einq hypothesiss 

Thei.;’ is no difference bet\’een the mean scores of the 
students, v7ho undergo the classroom instruction with 
the reorganising of the prescribed curriculum and those 
who undergo tho normal classroom instruction based on 
the e:tistinq curriculum frame, on the combinatorial 
r?.asoning as assessed through tasks. 

The above hypothesis is restated from the hypothesis 
ilo. 1 given in chapter III, section 3.10. Here the hypothesis 
is rjti ted in the null form. 

Among the four pairs of observations to be subjected 
to ststishical testing and are made on tho me 
sturV'nts and therefore the 't' t'lst applied is for the 
significance of difference between two means for corrolated 
samples (Perguson, 19'='9) . The 't' test ap/lied, on tho other 
threv- pairs of observations, is for the significance of 
difference Dotv'cen independent samples. The 't' value between 
the two observations O 2 2 -nd is 7,2 v/hon the ass(?S5ment is 
made through task I and task V, The mean score of these tvro 
observations 0^ and 0^ a.r'e 1.3G and 2.08 respectively* The 
■f value is significant at 0,01 level rejecting the null 
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hypothesis. Observation 0^ has a significantly higher mean 
tnan 0^ showing that the experimental treatment has positively 
influenced t.ie combinatorial reasoniny. The 't' value of the 
difference bobv^een mraans when the assessment is mace through 
task II and task VI is 6.74* '7his value is also significant 
at 0.01 level rejecting the null hypothesis in favour of 0 
(moan scores of 0^ = 1.46 and 0^ = 2.2). 


Tli(-j iTii^an, standard deviation and the 't' values for 

the three pairs, of observations and 0 ., 0 ^ and 0 ., and 0 - 

^ 4 b t> 5 

and 0^ are given in the tobies 5.3, 5.4, and 5 . 5 . 

Table 5.3 

The meon, standard deviation, and 't' values of 
0 ?. and 04 for tvro tasks assessing combinatorial 
reasoning 


Task 

Tas 

k V 

Task VI 

Obsorv- 

tions 

^2 


°2 



50 

52 

50 

5 2. 

1 tean 

2,OF. 

1.59 

2.2 

1.69 

3.D. 

0.97 

0.60 

1.02 

0.77 

't' 

2 . 

91 

2 

it >v 

.09 


** significant at 0.01 level 
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'|■'ablo 5.4 

Tile '^Gciri/ Qtcind'-'rc^ clcviLtiCi cind 't' values of 
Oij ana Qg on two tasks assessina combinatorial 
renuon-ing 


Tasks 

Task V 

Tas 

k VI 

Obse i:va- 
tions 

'^5 

Os 

O 5 

Og 

— 

52 

50 

5 2 

50 

I'lean 

2.15 

1.52 

2.17 

1,44 

n D « 

1.02 

0.64 

ro 

0 

• 

0.60 

'f 

_ 

3. 

69*^v 

4 . 



*>'- significant at 0.01 level 


Table 5.5 

The means, standard deviations, and 't' values of 
O 5 and O 3 on two tasks assessing combinatorial 
reasoning 


Tasks 

Task ] 

and V 

Task TI and VT 


' 'bsorv ra¬ 
tions 

O 5 

1—^ 

°3 


O 3 

lM 

5 2 

52 

52 

5 2 


rtean 

2,15 

1.28 

2.17 

1 .30 


S.D. 

1.02 

0.49 

1.03 

0.56 


't' 

- « 

,1 

4 ■ ■ 

4. 

64 



■'■V significant at 0.01 level 


1 -.ve 

the 

the 


'-.11 the above six 't' values are significant at O.'Ol 
1 Ghowing that the means of the scores after treatmenii, on 
*combihotorial reasoning' are si'"nt£icantlv difrerent i^tom 
me: n scores of those who vToro taught througii tlie proscribed 
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curriculum frarne. The strength of such an Inference is high 
since all t]ie eicperirnental group mean scores are hicher than 
t'nose for the control groups. 

The analysis of the post test Jata 0^, i'>^r and Og 
is discussed alongwith the testing of the h^rpothesis 
concerning the interaction betv/een pre-r-iwssassment and 
tre>: tmont. 


5,3 'S'':fect of Pre-assessment on the Combinatorial Reasoning 


The need for studying bhe effect of pre-asseesmont on 

the combinatorial reasoning comes from a part of the objective 

nuibor fo^ir oE the study (recer chapter TTI, section 3,'^). The 

hypothesis being tested is as follows" 

There is no difCerence in the combinatorial reasoning 
of students, who have been assessed through tasks 
which demand the use of such renaonina patterns, and 
those? who have not been assessed through such tasks. 

■'Cho efEcot of pre-assessment on the coinbinatorial 


rn: so.ling can be established by comparing the following two 
pciirs of observations i.e,, O 2 

data on the four observations are converted into scores a.5 


mentioned in section 5.2,2 and 'f test is app j-i>.^d ro.'. t.-.wting 
the significance of the difference between two means for 
iadependant samples. The means, standard deviations, and the 
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't' 


values for sa'nples are given in tables 5.6 and 5 . 7 , 


Tabic '■',6 

'Phe ^cano, standarc? deviations, and 't' values 
of O 2 ^ Oc; snd 6 t n on task V assessing 
combinatorial re^sonifirr. 


i’eskT 

■Ta£ 

3k V 

Task V 

ubsc _-va- 
tiona 



°4 

•^6 

d 

50 

5 2 

52 

50 

.'lasn 

2. OP 

2.15 

1.59 

1,52 

. i . 0 . 

c- 

O' 

0 

0 

1.02 

0 . 6 G 

0,64 

' t' 

0 

.35 

0 . 

52 


Table 5.7 

Tbo mosns, standard devi-tions, and 't' v'-'lues 
of 02 O 5 and U 4 f- Og on t-'sk Vl assessing 
combinatoric I reasoning 


Tasks 

Task VI 

Task Vi 

Observa- 

tion.s 

‘^2 

^5 


^'6 

f'l 

50 

52 

5 2 

' 50 

. lOri n 

2,2 

2.17 

1.69 

1.4A 

S 

. 1.02 

1.03 

0.77 

0.50 

' t' 

0 . 

15 

1 

.83 


ML tlio 't' values shown in tbe tables 5,6 and 5.7 
are not significant indicating that 'rhe combinatorial 
reasoning of students is not influenced by the prG-as?3eesment 
with a task to assess the same reasonong. 
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•J.4 Analysi£3 of Variance of the Evperimentel Data 

The date lot le^-ed through t.ie observations 62 ^ 0,; 

and Dg are arrangeo into a 2 X 2 analysis of variance "table 
ns s>iovTn in chapter lu section 4.1. In such an analysis the 
two P'-’ctors tv-iken into consideration are l) hreatinent and 
2) pre-assessment, The two levels in the treatment are the 
observations on the two treatment groups and the observations 
on the 'no treatmenh' groups. The two levels of assessment are 
the observations on the pre-assessed end the observations on 
the. not prt'-assessed students. Here again the data obtained 
from the ro\ir obsorvatio is are converted into scores. The 
scores given are as follows. To the ret soning lev» 3 l II A 
score one is assigned/ to IT B score twO/ to III A sco-re three 
and to III B score four is assigned. The data given in 
ppendix d are assigned the values aiven above before 
applying the tost of analysis of variance. The m:mber of 
scores in the four cells are not eiual. They are as given in 
table 5.e. 


Table 5.G 

The number of students in the four groups 



Treatment 

I7o treatment 


Pre- 

assessed 

N = 50 

H =52 

102 

-jot pre- 
asSessed 

H ^ 5 2 
°5 

p = 50 
^6 

102 


102 

102 

204 
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Tn such G case when the cell frequencies are unetiual 

the first step taken before applying the analysis o€ variance 

is to apply a V? test on the cell frequencies to find out 

whether they depart very much from ec^iality. The freqnrency in 

the cell corresponding to the r ' row and c column is 

denoted by n^^. The expected cxjual frequency is then computed 

by adding ell the and dividing by the number of rows 

multiplied by the number of columns n/RC. In the 

orei'ent experiment this value is 204/4 = 51. This value is 

denoted by T^. The )il is then computed using the formula 
■ ^ "rc - n 2 


■ c 


X 




with RC-1 degrees of freedom. The chi 


s.iuaro value ttut; obtained is 0.0764. Jor degrees of freedom 
three the tnble value is 0.12 at 0.01 level. 'I'hetefore it can 
be inferred thet the n in t.He four oellc do not deviate 
significantly from egualitv. Following this a simple 
artiustnent to tne sum end sum of .sguareo for each cell is 
m.dc by :«ultlrlyinc the rv,speatlve values by Vn^o- 
adjustment estimates what the cell sum and sum of squared , 
would be, were there an e.ual number of cases n in each cell. 
The adjusted cell sums and sums of squares are used to obtain 
the row and column totals and the total sum of s.J 
Further analysis of vsrianoo is carried out employing 
oomputatlonal formulas given by Ferguson (1759, p.254). 


discussed procedure was adopted for the 


The above 




analysis of variance on tlj.e four observations 0 • O * 0 anci 

2 4' 5 " 

0- ‘naclc on the students using basic V end task VI for 
0 .' sessing the combinatorial reasoning. The suiumar^'' of these 
tv7o analyses oce given in tables 5.9 and 5il0. The hypotheses 
being tooted through this 'F' test are as follows; 

1, Thc’''c is no difference between the mean scores of the 
stv:dents, who undergo the classroom instruction with 
trie reorganising of the prescribed curriculum and 
those who undcirgo the normal classroom instruction 
based on the existing curriculum frame, on the 
combinatorial reasoning as assessed through tasks, 

2, ''?liere is no diciierence in the combinatorial reasoning 
of students, who have been assessed through tasks 
v/Viich demand the use of such a reasoning pattern, and 
those who have not bean assessed through such tasks. 

3, There is no difference in the 'combinatorial reasoning 
of students, who have been pre-assessr.d on the same 
reasoning pattern and who have undergone the treatment 
(the reorganising of the science curriculira), and who 
have not been pre-asscssod and not undergone the 
treatment; and those who have not been pro-assessed 
and who have undergone the treatment and those v^-ho 
have been pro-assassed but iiot undergone the treatment 

Araong the three hypotheses stated above, the first one 
is restated from hyx''othesis No. 1 given in chapter III 
section 3.10, The second and third are from hypotheses No. 3 
and 5 given in the same section. 
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p 


Tablo 5.9 

r.jU'"of (.^nalysis of varirtncis on the combinatorial 
reasoning scores assessed through taslc V 


Source of 
variance 

Sum of 
sfiUares 

oegrees of 
freedom 

Variance 

estimate 

T? value 

Rows 

(pre-ass.) 

0.00013 

1 

0.00013 

0,00017 

Columns 
(tractm.) 

15,91 

1 

15.91 

20., 94. 

Interaction 

0.2690 

1 

0. 2699 

0,3552 

v^ithln 

153,93 

200 

0,7596 


Total 

168.11 

203 




for df of 1 and 200 the values at 0.05 « 3,80 end 
0.01 = 6.76 

vv* significant at 0.01 level 


Table 5,10 

Suinraar 7 <^ of analysis of variance on the combinatorial 
reasoning scores assessed through fask _yX- 


liourcc of 
variance 

Sum of 
squares 

df 

\ 

Variance 

estimate 

b’ value 

Rows 

(pre-asses.) 

0.99 

1 

0.99 

1.26 

Columns 
(tree ttment) 

19,61 

1 

19.61 

24.86** 

Interaction 

0.63 

1 

0.63 

0.79 

^"'ithin 

157.8 

200 

0.78 


Total 

179.03 

203 




significant at 0,01 level 


The F values in tables 5.9 and 5.10 show that the 
null hypothesis number one is rejected and the other two, 
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null h^^pothoses are not rejected. This indicates that the 
treatment has an influence on the combinatorial reesonin*! 
of stvidents v/hereas the pre-assesement as well as the 
iviteractiori/caust'd because of the treatments?.nc! 
pro-assessment/ do not have any significant effect on the 
combinatorirl reasonlnrr. ^ 

Th'.j sj-crnifleant P value of 24,86 for the tre^itment 
effects calls for further analysis of the observations ©2 St 
0,j end Op; -'a by sulgecting these observations to 't' tests. 
This has already been detailed in section 6,2.2. 

5,6 Eff'jct of -'laturation and Fistoiry on the Combinatox'isl 
Reasoning 

A comparison of observation 0^ with 0^ and 0^ 
Hoperately would indicate the combined effect of matiiration 
and the effect due to the instruction through the prescribed 
curriculum freme on tlia combinatoria.l reasoning of students. 
Tables 4.5/ 4.6 and 4.10 given in choptor TV present the 
d. to collected through observations 0^, and Og 

resoectively, These data ar''- further' subjected to statistical 
.-'nalvsis. TlV' moan/ standard deviation and 't* values of Og 

■“ 4 

witli 0 and 0^ vrith On 5.:'0 given in table 5,11. 

1 6 4 

Among the four 't.' values only the one between Og and 
On when assessed through task I and V shows a significance 

j 
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Table 5.11 

The ■•leans, vStandard deviations, and 't' values 
Oi. 06 ^-’ith 0 i and Og v/ith 03 through two pairs 
ot tasks assessing 'combinatorial reasoning'* 



Tc-sk I 

L -- 

and Task v 

Task 11 and Task VI1 






Og 

O 3 

w 

K'-ian 

S.O. 

50 

l.3f' 

0.59 

50 

1.52 

0.64- 

52 

1 , 2 s 

0.49 

50 

1.46 

0.60 

50 

1.44 

0,60 

52 

i:3B 

0.56 

't' 

1.12 

2 1 

0.18 

0.55 


•<■ significant at 0.05 lovel 

in thu di^r;oconce of! the ine 5 in scores. All the other 't' 
values arc not sigai'i!leant. This shows that the effect of 
maturation and history on the combinatorial reasoning is 
indtginal. One 'f value being significant is insufficient 
evidence to conclude that there is a Positive ef-^ect due to 
niatiiiv'tion and history witliin a period of six months, 

B.*-') E-fr-ect of Uoorganising the Curriculum frame on the 
Control!ing of '/eriables of students 

,‘:tuclyin '7 the effect of reorganising the prescrilxid 
curriculum firame on the 'controlling of variables' of the 
studevits foirm -oart of the objective '>70. 3 of the present 
investigation (refer chapter IIT, section 3,9). The 
efioctivenesB can be established in three ways viz^, 1 ) by 
comparing the difference between the pre and post-assessTnents 
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of group 1 and group 2 students i.e., the experimental and 
control groups (refer chapter section 4 . 1 ), 2 ) by the 
statistical analyses of the following four pairs of 
observations i.e., , 0 ^ & 0 ^ Og, and O 5 & O 3 , 

and 3) by subjecting the data obtained through 0 ^^ O^, and 
Og to a 2 >, 2 analysis of variance as ^suggested in 
chapter IV, section 4.1, 

iT. 6.1 Comparison of t.ie gain scores of e::perimentol and 

control groups 

(./roup 1 and group 2 students have been subjected to 
nre and post-assessments. These are obseirvationG O. and O, 
on group 1 and 0 ^ and 0 ^, on group 2. The difference in the 
levels of reasoning as observed, thirough the nre and post- 
assessments i.c., O 2 minus 0 ^ and 0 ^ minus O 3 are computed 
from the data given in Appendices S’ and J, These differences 
are presented in tables 5.12 


Table 5.12 

Improvcmcat in the 'cojitrollinq of variables' of 
.“tudents in the experiiaental and control groupr 
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uablc -J.12 shows that among the students who have 
undergone the experimental treatment 30% have improved their 
rcavSoninq V7hen assessed through a pair of tashs (task III & 
task V LI) and ?6% have improved tlieir reasoning when assessed 
through a parallel pair of tasks (task rj and bask VIII) , 
Vhile, in the control group only 19,2% improved bheir 
reasoning vrhen as.sc;seed through the tasks Hi and Vll and 
1.1,5% of. the .students improved* their reasoning -rhon assessed 
through the task.s VJ and VIII. further analysis of the 
data, whore improvement in the .reasoning is noted, reveal 
tiiat tl'c improvement has b...en of only one unit in all the 
sixteen oases (lO+o) of the control group. In the '■ 
experimental group out of the fifteen students who have 
shown improvement, v/hen ass^^ssed through the first pair of 
tasks, the improvoment in 'the levels of reasoning is of ono 
unit among fileven of them and of two vinits in tho rest four, 
I.imilarl''^, among the thirteen .students who have sh.own 
i iprovement, when asse.sscd through n second pair of tasks, 
tl'.a Improvement is through a degree of one unit for nine of 
them, three show an increment of two units and one shows ah 
increment of three units. The improvements in the level of 
roa.soning are further detailed in table 5,13, 

I't may be noted from tabic- 5,13 that in the control 
group the improvement in the level of r'’asoning is confined 
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Table b.l3 

improvement3 in the controlling of variables of 
experimental and control groups assessed tlirough two 
paiDrs or tasks 


Group Tasks 

Improv evnenti 

3 in the level 

of reasoning 

II A 
to 

_ II b 

ni B 
to 

III A 

III 

to 

III 3 

II A 
to 

ITT A 

II P. 
to 

III B 

TI A 
to 

ITI B 

I A I & 







VII 

j^^xpt. j.., ^ 

fc 

6 

2 

1 

4 

0 

0 

Vi IT 

2 

1 

2 

1 

1 

-L Ll & 

. VI 1 

^’ont . 

7 

3 

0 

0 

0 

0 

VJTX 

3 

3 

0 

0 

0 

0 


to the reasoning levels II A to II B and II B to III A. 
Among the experimental students there are higher level of 
improv- .aont i.e,, from I.CI A to I’ri B, II A to III A, and 
also J. ■■ A to ITI E. Though the number of students who have 
improved b'.r two and throe increments are few, these 
incremonts srs du’j to the treatment. All those indicate the 
positive influence oC the reorgantsinq of the prescribed 
enrritjulum on the reasoning {controlling of variables) of 
students vjhen compared to the control group. 

5,6.2 Statistical analysis of the data 

Based on the cxperiiiiental design there are six 
observations made' i.e,, 02 r 0^, 0^, and Og 
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(soe chapter section 4,1), The data obtained through 

thoae observations are in the form of categories viz,, II A 
(early concrete), IT b ( transitional). III A (early formal) 
and lie P (formal), These four levels of reasoning are 
assigiied scores 1 , 2, 3 and 4 respectively as discussed 
earlier ^rc^zer section 5,2.2). h'ith these assigned values 
t’^e means and standard deviations are computed for the 
observebionvS made. In order to establish the effectiveness 
of the treatment tho following four pairs of observations 
are subjected to ’t' test. The observations ares 0- and 0^, 

.L 

^2 ^4'' ^5 ^3" b^/pothesis being 

tested through these rour 't' teste on t’-'e obs>-'rvations 
is as -ollows; 

There is no significant difference between tho mean 
scores of the gz'oups of students, who undergo the 
classroom instruction with the reorg^-nising of the 
prescribed curriculum and those who undergo the normal 
classroom instruction based on the existing curriculum 
fram.-', on the controlling of variable's of students as 
assessed t'-'rourrh taslcs. 

Tho above hypothesis is restated based on hypothesis 
?’' 0 , 2 stated in chapter III, section 3,10. TTcre it is stated 
in the null form, 

» 

Among the four pairs of observations to be subjected, 
to testing and 0^ are made on the same students and. 
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therefore, the 't' test meant for testing the significance 
of rTifference betwi^en two means for correlated samples is 
dpi'lied) (■'H'’.r'r 9 Uson, 1959 p,139). The 't' test applied on the 
other three pairs of observations, is the tost of 
significance of difference between t^o moans for independent 
samples (Perguson, p.J37). The 't' values between the two 
obuservetinns 0^ 0^^ is 4.0 when tlie assessment is made 

through task lil and taslc VII. The m. an scores of tiiese two 
observations 0^ and 0^ arc 1.26 and 1.62 respectively. Tho 
't' valu 2 is significant at 0,01 level leading to the 
rejection of tho null hypothesis. Observation 0^ has a 
significant moan diinference with 0, showing that the 
experimental treatment has positively influenced the reasoning 
(controlling of variables) of students. The 't' value of t’^e 
difference between means v?hen the assessment is made through 
task IV and task V.TTI is 3.67. This value is also si^ificant 
at 0.01 level, rejecting the null hypothesis in favour of O 2 . 
Tho obsi-rvotions through the second pair of tasks also sho^'f 
tilt. t_ the treatment is effective. 

The moans, 'standard deviations, and. 't' values for 
tho three pairs of observations ©2 & 0^, (^5 f; Og, and 0^ & 0^ 
are given in tables 5,14, 5,15 and 5,16, 




Table 5.14 
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The Means, fJtPndard Deviations, and 't' values 
of Ojj and 0 - on two tasJcs assessing the 
'coiTtrolling cf variables' 


Tasks 

Task VII 

Tesk 

VIII r 

Observa¬ 

tions 


0 

°2 

r~ - 
^^4 

N 

50 

52 

50 

1 

1 

j 

Mean 

1.62 

1.4 

1.62 

1,42 

S.D. 

0,79 

0.63 

0.87 

0.63 

't' 

1 . 

57 

1 .: 

3 2 


Table 5.15 

The Means, Standard Deviations, and 't' values 
of O 5 nnd Og on two tasJcs assessing 'controlling 
of variables' 


Tasks 

T^sk 

VIJ 

Task 

r«i —, Ilf——..n. ■iF.iM ■■ .. . 

VIII 

Observ¬ 

ations 

O 5 

°8 


°6 

W 

52 

50 

52 

50 

Mean 

1.63 

1.28 

1.57 

1.3 

S.U. 

0.92 

0.49 

0,82 

0.53 

't' 

2 . 

36* 

1.94 1 


Table 5.14 shows that, though 0^ has higher mean 
compared to when assessed through tasks VII and the 

mean differences are not significant. Table 5,15 shows that 
the means of the experimental group observations 0 ^ are 
higher when assessed through the tasks VJ.X and VXII, The 
mean difference is significant at 0.05 level when assessed 
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Table 5*16 

The Means, Standard Deviations and *t' values 
of O 5 and O 3 on two tasks assessing •controlling 
of variables' 


Tasks 

Task III 

and VII 

Tasks IV and VIII 



O 3 

O 5 

O 3 

N 

52 

52 

IIIQH 

52 

Mean 

1.63 

1, 23 


1.28 

S.D. 

0,92 

. 

0.46 


0.49 

•t' 

2.' 

77** 

2.16* 


■■ significant at 0.05 level 
significant at 0,01 level 


through task vil whereas when assessed through task VIII the 
•t'-value falls short of the significantly different value* 
(the 't' value to be significant at 0,05 level is 1.98), 

Table 5.16 shows that the experimental group observation O 5 
have significantly higher means when assessed threi^h both 
the pairs of tasks (tasks III Si VII and tasks IV £t VITX) • 

The strength of the inference is reduced since three out of 
the eight 't' values are not significant. .s*row the five ‘f 
val'ues v/hich are significant it may be inferred that the 
treatment is effective in improving the reasoning 

(controlling of variables) of the students. This inference 

, \ 

may be further strengthened by subjecting the observations 
O , 0., Oc and Og to analysis of variance (see section 5.8). 











176 


5.7 E-F'-Gct of Pro-assessment on the 'Controlling of 
■'^’arlo.blos' 

Ti'-e noi,jd for studying the effect of pre-assessment on 
the 'controlling of variables’ form a part of the objective 
number four (refer ch^’pter III section 3.0). The hypothesis 
beim:' testeri is as followss 

There is no difference in the 'controlling of variables' 
of sti.idcnts, who have been assessed through tasks which 
demand the use of such reasoning pattern, and those who 
hc'Ve not been asse ssed through such tasks. 

The effect of pre-assessment on the 'controlling of 
variables' ce\n be established by comparing the following two 
pairs of observations i.e., *^2 ^ 6 * data 

gathered through these four observations are converted into 
scores as mentioned in section 5.2.2 and 't' tost is.applied 
for the significance of difference betwen two means for 
independent saraples. The means, standard deviations and the 
't' values are given in tables 5.17 and 5.IS, 

Table 5.17 

The Means, Standard Deviations and 't' values 
of Op Gr O 5 and O 4 & 06 as assessed through 
task'v.Ti 



^2 

O 5 

O 4 

06 

N 

50 

52 

50 

52 

Mean 

1.62 

1.63 

1.4 

1.2(? 

S.D. 

0.79 

0.92 

0.63 

0.49 

' t' 

0. 

05 

1. 

22 
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■Table 5.18 


TbG i-'leans, Deviat^gps, and 't* values 

or O2 O5 ,.and O4 & Oft v^ben assessed tbrough 
task VIII 



1 

0 

w 

_ 

O 5 

°4 

06 

isf 

50 

52 

50 

5 2 

Meon 

1.6 2 

1.57 

1,42 

1.3 

d . D . 

, 0,07 

0.02 

0.63 

m 

in 

. 

0 

' t' 

0, 27 

1 . 

02 


Tbe 't' values in both the tables 5.17 and 5,18 are 
nob significant end tlierefore the null hypothesis is not 
rejected. It may be inferred that the pre-assessment does 
nob influoncG tho 'controlling of variables' of students. 

5.S Anolyols of Variance on the Experimental Data 

The data gathered through the experiment, O,:, 

and Og arc arranged into a 2 X 2 analysis of variance table 
as shoV'jn in chapter IV soebion 4,1, The four sets of 
observational data are converted into scores as deta^led in 
section 5,2,2, The number of units in each cell is not equal 
and therefore, before applying the analysis of variance, 
adjustments are made on the cell sums and sum of squares as 
detailed in section 5.4. 'ilhe summary of the analysis o£ 
variance on the controlling of variables observational daba 
are ciivon in tables 5,19 and 5,20. The hypotheses being 
tested through this ‘I" 


test are as follov^ss 
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1. There; is no difEarence between the meen scores of the 
studeJilts, who undergo the classroom Instruction with 
tho reorgiiiiisinq of the prescribed curriculum and 
t]iOS(, who undergo the normal classroom instruction 
b..’Sod on tho existing curriculum frame, on the 
'controlling of variablvis' as assessed through tasks. 


r.. Thcire is no difL-.?rencs in the 'controlling of 

V‘ii.iablos' of students, who hsvf-i been assess ■'d through 
toiSks which demand bho use of such ro reasoning pattern, 
and tho£?e who have not been assessed through such 
ta six s, 


3. 'i.‘here is no difference in the 'controlling of 

variables' of students, who have been pre-ossessed on 
the samm reasoning pattern and who have undergone the 
trr-etment (the reorganising of the science curriculum), 
and wh.o have not been pre-assessed and not undergone 
tho trootmont? and those viho have been pre-asscssed 
nvid who have undergone tlie treatment, and those who 
have been pro-assessed but not undergone the treatment. 


Among tho tViroe hypotheses stated, tho first one is 
restat'.d from hYpothonls ho. 2 given in chapter T.Tt^ section 
3.h'). TJ'U second and third ore the h:i’potheses numbered 4 and 
6 In t'lie samo soot ion. 


Tho i? values in tabliis 5.16 and 5.19 show that the 
null hypothesis? number one, state'''* in this section, ift 
reiocted and two and throe are not rejected. This indicates 
that '"he treatment has an influence on the reasoning 
(•controlling of variables) of students whereas 
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Table, 5.19 


'..xi'iimary of i^nalvsifj of Variance on the 'Controllincf of 
Variable,' .^;coras when asaossed through task VXI 


,.orco of 
variance 

aura of 
cguares 

df 

Variance 
est.i mate 

F 

hows 

(pro-ass,) 

0.15 

1 

0.15 

0.27 

•lolurans 

(treat.) 

4.15 

1 

4.15 

7.68'"^'' 

T nterne tion 

0.24 

1 

0. 24 

0.44 

'■^ithin 

108.20 

200 

0.54 


Tot--I 

1" 2,74 

203 




for df 1 ' ?.00 the value at 0.05 - 3.89 and 0.01 = 6.76 
-r;* f3 i.gn.l leant rit 0.01 level 


Table 5.20 


Oaiu.nar.'y of xAnc lysis of Variance on tlie 'Control lina of 
'/■'arinblG.a ' scores when exasossed through task VIII 


,8o\,irce of 

varianc'-: 

Ouni o £ 
squares 

1 

1 

Variance 

estimate 

1? 

lows 

'/pro-rsB,) 

0.44 

1 

0,44 

0.83 

Colunns 
(treat.) 

3.11 

1 

3.11 

Hr 

5.36- 

rntc’raction 

0.04 

1 

0.04 

0.07 

hithin 

107,5 2. 

200 

0.53 


Total 

Ill,11 

203 






sirrniticant at 0,01 level 


the pre—assessment and interaction caused because of 
treatment and pre-assessment do not have any significant 
effect on the 'controlling of variables of students. 
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The fjignirlaalit i? values of 7,6P end 5,06 ohoven in 
tables 5.19 and 5,20 call for further analysis of the 
observations and Og by -iubiecting these 

obscirvational scores to 't' tests, ^his has already been 
detailed in section 5.6.2, 

■■'.O 'lf5eci: of Maturation and iTlstory on the 
Controlling of Variables 

^ comparison of observations Og vith 0^ and Og vrauld 
indicc'te the coinbined effect of maturation and the effect 
di.ie to the instruction through the nrescribed curriculum 
freme on the reasoning (controlling of variables) of the 
students, Tables 4.5,4,6 and 4.10 giv :!n in chapter xv present 
bhe data collectod through observations 0^/ 3-nd Og 
respectively. This data is further subjected to statistical' 
ilia lysis. The means, standard deviations, aiid 't' values of 

Q, with O. and 0- witli 0_ are given in table 5,21. 

6 1 o 3 

All the four 't' valuejs presented in table 5i21 hre 
not significant. This clecrly indicates that the effect bf 
maturation and history on the controlling of variables is 
marginal. The mean is higher in case ot Og when compacod 
to 0. and 0^ when assessed tlirough both the pairs of tas'ics. 
This indicates that due to maturation and. histror '7 theie .,s 
improvement in the reasoning but, within six months the 
diftcirence is not significant. 
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Table 5,21 


iteans. Standard 7:>GViations, and 't' values of 0^- with 
c’nd Og v^ith O 3 through two pairs of tasks assessing 
controlling of variables 


Tasks 

Tasks Eli and VII 

Tasks r/ and VITI 

Obsox'va- 

tions 


°6 

— 

, 0 

h 

°6 

"3 

' h:an.o 

S.J. 

50 

1.2o 

0.5f 

50 

1.28 

0.41 

52 

1.23 

0.46 

50 

1,26 

0.43 

50 

1.3 

0.53 

5 2 

1.28 

0.49 

■t' 

0.23 0.53 

0.41 0.21 


5.10 Anaivsos of the Anecdotal Records 

Though the acceleration or improvement in the reasoning 
patterns viz., 1) combinatorial reasoning and 2) controlling 
of variables are statistically significant all the students 
in the experimental group have not shown improvements. Tt may 
be observed here that the assumption of the creoeriment is 
that students v/ill actively participate in the classroom 
interaction so that their rec'Soning patterns v'ould develop 
(rc;fer chapter I^T, Svoction 3.n) , The analyses of tho 
anecdotal records maintained by the investigator indicates 
a general lack of interest in the instructional activities 
\)y many students. The lack of interest ori'vinnte from 
different basic rci-sons for different students. A of 
thorn 'ho have been informally interviewed indicate that one 
of the mein reasons is because of the security they forsee 
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In future prospects. They know that the fomiial 

education is not going to help them much with their future 
plans. Their xiarents and guardians are involved in "business 
and thev are sure that they vrould enter the same as soon as 
they ere maturiv to take over. The above point may be further 
elaboratOf witli an example from the aiiocdotal records. 

O'tli { age 11- ye-irs, 6 montiis) belong to group 1 of the 
design. 'S'j’iah is, the pre-tested experimental group, he was 
one among the many who did not participate in the classroom 
discussion even v/hen information seeking -.luestions arc 
directed to him. iniritig the interview h? indicated that his 
father owns throe sweet meat shops iu the city. Tvro of these 
shops are managed by his elder brothers end the third shop 
prof-Gntly run his father would bo handed over to him as 
soon as he is mature. On the investigators suggestion that 
formal education can help him better with his business, he 
coplied that, what is nossible has already been acquired, 
i.e., basic mathematics, and to road and write in T.-]-nc 7 lish 
c-'Od Oujc.rnti. Tne above illustration is only one among 
similar instances where students have exprossed their 
.'oasons for the lack of ^interest iii the classroom 


interactions. It may also bp mentioned here that the pre 


and post-assessmants of the 
shown any improvement in the 
'controlling of variables?'- 


boy indicates t’^.s-t k,o has not 
'combinatorial reasoning' and 
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- notlior major reanon for the lacT^ of interest among 
tno fituflents in insstructional activities is the over anxiety 
Lo score high in the examination. The students show a general 
tendency to show intei-est in only those activities v/hich 
would dire'-'tly help them in getting more marks in the 
examinations and a lack of interest in actively participating 
in the classroom interactions throuah which they irould, 
discover the laws and principles of nature. Such a tendency 
O-f 'examination oriezitation' la shovm even bj'’ those who 
actively participate in the classroom discussions. An 
illzistrotion from the anecdotal records may further explain 
this i:)oint. Tv.ro students of the pretested raxperim-'-ntal group 
on approachingr the investigator with a content clarification 
in Physics^ vrere suggested to do the experiments in the 
lahorator^; so that they may discover the law. The investigator 
offered to help. The immediate response of the stzadents vras 
that they have e 'test' the next day and just needed only an 
e'-.planotion of the experiment and expressed their disinterest 
in doing the actual experiment. The above illustration 
clearly indiceites hovr the natural curiosity of the students 
is curbed by the overemphasis on 't'^^sf or examination 
oriented teaching. 

FroiT the analyses of the anecdotal records a third 
major reason that has emerged is the medii-iin of instruction. 
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of normal classroom students the reorganisincr of the 
prescribed curriculum can initiate cognitive dissonance in 
students and thus improve theiir reasoning patterns. 


5,11 Discussion 


V 


The analyses of the experimental data clesrly 
indicates thab the experimental breatment is oElective in 
accelerating the 'combinatorial, reasoning' and 'controlling 
of variables' of students. But, the improvement in the 
'controlling of variables' is to a lesser extent when 
compared to the 'combinatorial reasoning'. This is based on 
two observations, ■''ne/ the number of students who have 
improved thoir reasoning (controlling of variables) is less 
when compared to the number of Improvements in 'combinatorial 
reasoning'. Two, bhe improvements in the reasoning indicated 
through bhe pre and post-assessments indicate that those v^ho 
hc'Vc shown iinprovoments in the'controJ ling of variables' 
have elso improved their 'combinatorial reasoning'; but, the 
reverse is not true. That is, all those who have sho^vn 
improvements in the 'combinatorial reasoning' have not 
improved their reasoning in 'controlling of vcriables'. It 
may be mentioned here that both the reasoning paS'terns 
'combinatorial reasoning' and 'controlling of Variables' form 
parts of the formal reasoning structure. Kuch a difference 
in the reasoning patterns exhibited by the students, i,e,, 
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manij-esting formal reasoning vTheti assessed through one tash, 
and not ■when assr-,:ssed through a related task, is termed as 

I 

horizontal decalage in the Piagetian theoretical frainework 
(ref'-ir chapter i/i, section 3.6). This finding,-of a 
horizontal decalage in the closely related reasoning patterns, 

f 

is contradictory to the findings of the earlier studies 
(i';arplus, 1979; T^ollman & Chen, 19C2; and Lavrson ct. al. 1975), 
But, thoj's is a psychological link between the 'combinatorial 
reasoning' and 'controlling of variables'. 'Chat is, the 
generation of all possible combination of variables in a 
given situation is required for an individual to 'isolate' 
and 'control' variables. Such n psychological Unit has been 
fjlready suggested by hawson (1979), and the findings of the 
]pre sent study also indicate the same. 

The rccelerotio’-i of the reasoning patterns vis., 
'combinatorial reasoning' ^rnd 'controlling of variables' is 
in agreement wi’hh studies conducted under dif'Cerent field 
conditions. The strn-tegy used for acceleration in the present 
investigation has coramon characteristics v/itli those studies 
(studies conducted ^^nder field conditions different from that 
of the present investigation). For rnp 1 e, Broddo rma n (i. 9 73) 

used a cognitive conflict strategy to accelerate the ability 
to Control vari'bl^s among young adolescents. This strategy 
has the commo’n characteristic of inducing cognitive conflict 
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in the lGarn-?rs with th<^ instructional model need in this 
stud/, '.'^he main diFCerencc is that Bredderman used an 
individual focused mode of: instruction whereas the- present 
study has used a group invStructional model. siiailar group 
instructional model, callod 'le~<rnin .3 cyclesV is used "by 
HclCinnon Cc Renner (1971) and Smith & Von Egerene (1977) to 
accelerate 'combinatorial reasoning* and 'controlling of 
variables'. The strategy used by these researcherr Focused 
more on thn manipulation of objects when compared to the model 
used in tuc present study. The field conditions in the present 
investigation did not permit such a possibility, of 
manipulation of objects by each student, because of the 
non-availability of ade>^uate facilities in the school where 
the e:qjc'rimcnt 'was conductcjd, 

4 . 

.miong the various strategies used by researchers for 

I 

eccelereting the formal reasoning patterns there are two 
strategies which resemble the instructional raodel used in the 
pre.:ent study. They arr.’s 1) the x)eer interaction model used 
by Ivard (1979) and 2) the social interaction modf^l used by 
Wollmen and dVien (19G2). The main char.'Cteristir which Is 
common to those two instructional strategies and the one 
used in this study is tl^e element of group Interaction. The 
findings of the present investigation are in agreement with 
tlioso where group intoraction strategies have bo-n ua»d. 
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Tho feattire which differentiates the instructional moclel used 
in the present study froni those referred above, is the 
epistemic characteristic of instruction. Thf-i t is, the 
curr'iciilurn reor-ysnis'ition hciS been carried out based on the 
historlccl development of the concepts, principles and lavrs. 
This cho’-acteristic makes the model of instruction used in the 
present study, more suitable for concrete operational learners 
than the ones used by other researchers referred in chapter IT 

The mode of instruction 'in the control gro'ups of the 
presi.nt investigation was not based on any specific 
theoretical grounds, The lack of acceleration in these groups 
may be attributec to such a lacuna in the instructional mode. 
This mode of instruction may bo taken as one that goes on in 
a 'normal' classroom. Sandeep (1979) after surveying the 
relationship between the classroom interaction pattern and 
cognitive developraent on Tndian samplia reports that the 
classroom interaction adversely affects the cognitive skills. 
The 'steady state' of the reasoning patterns in the control 
groups n?''?' be because of such an adverse eff-act. 

^■'he guided inquiry approach to insti'uctiorv usor^ in the 
experimental group of the present study is founo- succossful 
in accelero.tlnc' the reasoning patterns vrliereas the didactic 
presentation of content matter was not succe. sful. 'he 
acceleration of the reasonin'^ patterns may be seen similar to 
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Ir.he Irnprovomont in problem solving abilities. That is, the 
atu'jonts V'fho nave Improved thoir reasoning patterns vrill be 
able to perceive the different varioblos in a problem 
sitnation and isolate anci control voriablos eEfcctively in 
finding a solution, mt.is finding of the present study is in 
agreement vith the one conducted by Ajwsni (1379) where he 

r 

tried to acoelerate the problem solving ability by guided 
discovery, through learning puzzles and by giving specific 
directions. He found that guided discovery is better than the 
other tvro approaches in accelorr.ting the reasoning. Also, the 
studv conducted by Yadav (1982) shows the siiperiority of 
guidediscovery over lecture method in accelerating concepts. 
It may be mentiotjec3 here that, in the studies conducted by 
Ajijnni and Yridav t\e experimentol inputs arc not directly 
rolat ..tJ to the prescribed curriculum of the grarles, whereas 
the presc„nt investigation focused on thf' relrroming of tiie 
prescribed curriculuframe for tVie arade. 

Though the present investigation has shovrn that 
acceleration of logical reasoning is possible tlirough the 
reorganised curriculum frame, it cannot be token a." conclusive 
evidence • Hur-thcr re scorch in this are? under varied field 
conditions is required to conclude on the possibility of 
accelerating logical reasoning patterns under field conditions, 
Also, the model of instruction, used in this study has to be 
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cofnp^rori with other models of instnactlon before concluding 
on its merits. Based on these lines a few stnc^liGS are 
,?uar’Osted for further research in the concluding chapter of 
this r-’port alongivith the siinmiary. 


hKFh'fr'Vi-TCJilS 


Aill reneronces that 
nppc.-'red in chapter 
giv.v.n o.t the end of 
below. 


appear in this cheptc-r have already 
IT of this report (see references 
chapter IT), except for the one given 


FEri'dasOih C.A. fjtatlstical Analysis in poycholog” and 
Education. Nevr York: ^•fcGraw TIill/ 195?. 
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CRAP'OKU VT 

.'JUmAUY AND COl'TGLUSlONS 

6,0 Introduction 

In thit concluding chapter of this report a brief 

\ 

surmirury of the study \is presented. A short o’esciiption of the 
theoretical basis is given followed by the pf<-ineritation of 
the problem and the objectives of the study. A brief 
description of the procedure adopted for the realisation of 
the oVjjectives is presented next. This is followed by a short 
de:-cription of the analysis and the major findings of the 
study, '■■'he chapter concludes with a discussion on the 
iiiitjlications that can be derived from the present study for 
future research in the field of ^lecice 5jduca t loti« 

6,] L'hporotical J'sackground 

r\t a given point of time in the history of the 
evolution oE human Itnowledge the understanding of various 

Mr 

phenoiaena and their interrelationships exists in the form of 
a v7oT 1 connected structure, Tho structure is internalli’’ 
consistent and that it accounts for almosb all observations 
made during that time, l^hen contradictory observations are 
made, they a^re either rejected as invalid or modified to fit 
into the structure, VThen an observation or a set of 



191 

lorio, doejs not tit into ttie struntur'c there arises a 
neec, Erom within the structure to undergo modifirations? thus 
evolv i.ng into s nev/ stage, Kuman knowledge has evolved 
through sovoral sucVi stages. An individual right ifrom his 
ch-ildhood, intc=‘reGts with his environment and adapts 

cognit-ivelv. he proqressiv<|ly constructs his cognitive 

\ 

structure through active interaction V7ith his surroundings, 
riis construction oJ^ co gnibive structures also undergo similar 
stages of evolution like the human knowledge structure. Such 

I 

an idea of an isomorphism between bhe knowledge generated by 
mankind over generations and how an individual constructs his 
cognitive sfructvares is implicit in the theory of cognitive 
ilcivolopmont propounded by Jean Piaget, a Swiss psychologist, 
’■'iaget's theory of cognitive development su'^gests four major 
st-ges in the mental development of a child. They are? 
sensorimotor, pro-operational, concrete oxTerotional and 
formal operational. These stages are characterised by the 
mental operc.tionc a cluild is capable of manifesting at a 
pornt of time. Major changes in the logical reasoning 
patterns occur v/hen a child transits from one stogo to 
£inoth'-'r. The need for the transitio-'i comss from vrithin the 
cognitive structure of the child. The structures grow as a 
child moves up from one stage to another. Older structures 
are not replaced by nev^er •n<3S but are integrated with. The 
order of the stages is consistent and sequential. 
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M'ho cognitive devolopmont of a child is influenced by 
two factors viz., 1) certrin organisers inherent, in the 
aystum '.letcrmined by genetic factors and 2) environment. The 
environment comprises mainly of casual escperiances and 
ornani.sed uocial e>:per.-iances. One of the main forms of 
organi.'-sed social experiences is formal G'-'’ucation. Since the 
development of lor'ical roarioning is dependent on social 
environmeijt and experienece in general, designing instruction 
siiitably uliould influence the cognitive development. In the 
natural development the need for re's structuring ones cognitive 
stnictxire comes from the failure to e->rplain certain 
obsGjrvatlnns with the existing reasoning i^atterns. These 
roasonino patterns form a part of onek cognitive structure by 
mi=;ans of v-'liloh ata individual explains an observation or a set 
of obsorvcitionj-;, V’hen one fails to explain an obse.rvation, he 
feels t'le need to modify the reasoning patterns and thus 
-defecting a change in his cognit.ivs structure, "o, it may be 
possible to induce the need for changing one's cognitive 
st'i.uoture through constantly posing challenges to his 
knowledge structure or data that would contradict with hig 
ro<-:---ioning and help him resolve the contradiction. NTormally the 
tendency of an individual would be to explain the c>bse.rvafctoua 
with his existing reasoning patte-rns of his cognitive 
structure. But, the instructor may have to constantly point 
out the internal contradictions when such explanations arc 
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mof.U anci if the individual realises it ar’. a contradiction, 
t''e nock'd for changing the cognitive structure x^rould come from 
within, 

6,2 Attempts at Accelerating Logical Reasoning 


Liarlier attempbs on acccileratinc the logical reasoning 
patterns in laboratory and c.j.uasi-laborato.ry conditions 
indicate that transitional students are more prone to 
acceleration rather than t'xose who are in an early steg-^ of 


development. Miigid structuring of ejcperiencos does not show 
nuch of an influence on improving the logical reasoning. 
Attempts at influencing the reasoning patterns of students 
after taking into consideration their previous knowle'Jge and 
c-jcisting cognitive structures, ond framlnr 7 er-oericnces based 


on these have 


sho^/n positive resnults. An inquiry a^gproach to 


teaching is found to acceler-^te reasoning when compared to 


expository or didactic mode of teachincj. Previous attempts 
^'■t accelerating the logical reasoning patterns also indicate 


thot creating ’cognitive conflict' ss >■' strategy has been 
successful in developing cognitive structures and also the 


r csonlng pottfirns. 

I 

students are mainly 


Acceleration studios conducted on Indian 
confined to laboratoiry type of conditions 


vhere no attempt is made to reorganise the curriculum frame 


or relate the treatment to instructional activities 
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proscribed for the grade, here,arises the need for conducting 
field studies attempting at accelerating the logical 
reosoning in the actual classrooms given all its constraints. 
7.1 so, there is a need to relate the classroom ojjperiences 
tothe curriculurn fravne prescribed for the grade. Taking this 
research need into consideration, the present study makes an 
attempt at influencing the reasoning of students through 
actual classroom teaching based on the prescribed curriculum 
f raiiie, 


6.3 The Bases of the Present Problem 

A\aong the school subjects ’science' is the most 
a.'jpropriate one to attempt at accelerating the reasoning. 
This is because of the reason that 'sciencv:' gives a lot of 
scope for the students to act upon with the physical 
environment ond through these actions they construct mental 
structures and concomittantly develop their reasoning 
patterns. A review of the field conditions in India 
indicates that the science curriculum frame is outdated and 
disorganised. The curriculurn framing is not cased on any 
theoretical frame. The curriculum demands a lot of hardr'rork 
■^rom the students in rote memorinJng the facts, principlcr:, 
etc. There is hardly ?'ny provision for the students to act 
unon objects and ideas and discovej. the lav7S ano principles 
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of natural phenomena. The curriculum experiences are rather 
preseptive ani3 curb the students from thinking in an original 
manner. The nriascnt study attenpts at ansvrering the question 
v^hnther it is possible to influence the reasoning patterns 
of the learners* under the field conditions. 

7-v total reorganisation of the curriculum frame may 

have to he done in the light of 1) the previous concept 

structure of the learners and 2) the logical reasoning 

patterns they aro capable of manifesting, for an attempt at 

acceiorating the reasoning patterns. The need for 

reorganisation becomes all the more meaningful in the Indian 

context because the students of a particular grade have 

undergone through the static and ill-prepared curriculum 

■‘‘uring the proviour yc^ars of learning. Also, the 

reorganisation should be donej in consideration to the 

conooptual structure of the discipline, 3uch a reorganisation 

of the curriculum frame should make it highly flexible and 

dynamic. The dynamism and flexibility of the curriculxm 

1 

frame may be seen in terms of its adaptability to the ' 
various cognitive demands of the learnerFi, s-’o that their 
reasoning pr'^torns arc accelerated. This calls for the Use 
of en instructional model of sciencf’ which is also dynamic 
in nature. The model of instruction should include the 
ingredient of an ini/uiry approach, guided inquiry ap^sroach 
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tiis teacher acts ds a facilitator to the process is 
more appropriate tlian a pure iniguiry approach. Earlier 
sircmpts Clearly su'pT:)ort this vievj'. The facilitator may 
continually jssess the knov^ledge structure of the learners 
and provide data in such a way as to cause cogritive 
conflicts in their mind. This would stimulate the students 
to come out with sever; 1 hypotheses. The facilitator may 
then help the students in testing these hypotheses lyf 
recalling day to day experiences or by supplying appropriate 
deil-c (pre-fabricated or from the history of science) , These 
tested h^gaothewes got integrated to the cognitive structxires 
of tJ\e leMrner, Vy such a cyclic process the learners 
construct tlieir cognitive structures and improve their 
ctjasuning (^nf-mtol operations) . 

In the in'cellcctual development model propounded by 
niaqot yr? mentc>l operations appear diiring the concrete 
oporotiorKl stnge, early concrete operational child may 
need a long tom interaction with the environment to 
transform to the formal oijerational stage. The instruction 
of formal concepts may not be beneficial to such a student 
as he is not e-dUip^ed to assimilate such concepts. Therefore, 
it may be worthwnilc to attempt at influencing the reasoning 
patteens of students when they are in a transitional state 
from concrete to foimial. preliminary invostigations 
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condiictf-;d t>y the investigator indicate that among tli© 

sec'ond'iTj,'' classes, grade IX and X students show transition 
':roTn concrete to forraal operational thought* Among these two 
gr ides, grdde .cx' is chosen for the present study, 

A few examples of reasoning patterns that can 
differentiate betweeii the concrete and formal operational 
student ore i) combinatorial reasoning 2) controlling of 
variables 3) proportional reasoning and 4) deduction. These 
reosoning patterns are inter related - some closely and 
others remotely. Soma of these reasoning patterns evolve to 
i.- higher level faster when coft^ared to others. This is termed 
as 'horizontal decalene' in the Piaget is n theoretical 
framevror’e, From the point of view of assessing the re«'^son±nq 
j:iGt‘.-,ern3 and attempting at accelerating these patterns, it 
would be better to choose closely related reasoning patterns, 
"ilso, the choice of reasoning patterns should be based on the 
possibilities the science curricnlum offer for its 

I 

ecci’lcration, .i3ased on these criteria the 'reasoning patterns 
'combinatorial reasoning' and 'controlling of variables' arb 
chosen in the present studv. Therefore, the research 
'.piestlon of the present study boils down to whether the 
reorganising of the prescribed curriculum frame of grade re 
to suit the Ic'vel of reasoning of students would aid the 
development of the same reasoning pattern in an actual 
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cLc-isr.room situa,t.ion given all its natural constraints, TTiere 
is cl basic assumption behind this question. That is, an 
active participation by the students on the curriculum 
materiel presented to them would aid cognitive development, 

o, The Problem of the Study 


I GT'LjY of THii EFFf.'JT OP RSORGAlflSIi'lG THE PRESCRIBED 
CiJi’i'ICIJLUl-! PRifXlffi'/'ORK ON THE C0MBI^7iM"0RIAL REASONING 
AiTD COm'ROLT.I.^^G OF VARI-.HLES OP G71ADE IX STUDEt'iJTS. 


The Study is aimed at accelerating tlie logical 
reasoning of students with the aid of curricular e^gperiences 
in n real classroom setting, with all its natural 
interferences. The two logical reasoning patterns that are 
accelerated arr; 1) combinatorial reasoning and 2) controlling 
of variables. The chemistry portion of the science 
curriculum pc'-scribed for the grade is selected for 
re orc'nising, Th<, reemanisinq is carried out on i 

threo criteri-' wiz., 1) theebachqround 3criowl ,dao of the 
students, 2) the reasoning patterns manifested by tl::ie 
students' and 3) tho structure of the discipline, 

» I* ' ■ ^ 

6,4.1 Objectives of the study 


ipba major objectives of the study can be stated as 


followss 
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3 • To assess the level oE reasoning of students of grade 
rx in the following reasoning patterns 
va) combinatorial reasoning find (b) controlling of 
variables, 

2. To '.inalysf' the chemistrv portion of the science 

curficulura of grade IX with a vievr to reorganising it 
to suit the level of reasoning of students, 

3. To study the oEfect of reorganising the curriculum 
frama oil the following reasoning patterns 

(a) conbinatorial reasoning and (b) controlling of 
vari-ablcjs in comparison to the existing curriculum 
Erame. 

The assessment of the level of reasoning (objective 
''b. 1) demands the use of problems or tasks to be presented 
to the students and obsorviving the way they go about solving 
it. The mxposuce to such problems or tasks might interfere 
v/ith studying the effect of the treatment (objective ]Jo, 3) . 
'.ore arises the need to study the ef-^oct of the pre-assessment 

A 

and its influence on the treatment, ThereEore/ the following 
two objectives are added alongt-iith the above three. 

4. To study tho efEect of asse.ssment of the reasoning 
patterns (a) combinatorial reasoning and 

(b) controlling of variables on the development of 
the same. 

E<. To study the interaction between the pre-arsessment 
and treatment on the two reasoning patterns 
(a) combinatorial reasoning and (b) controlling o'" 
Vs'Tiables, 
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6*4,2 Hypotheses of the study 

The following hypotheses are tested in the present 
inv e stigation. 

1. The reorganisation of the chemistry portion of the 
science curriculum for grade IX may positively 
influence tho combinatorial reasoning of students who 
undergo the classroom instruction ’^/ith reorganising 
the proFcribeC curriculum v;hen compared to those 
students who undergo the normal classroom teaching 
based on the existing curriculum freuTie, 

2, The reorganising of the chemistry portion of the 
sc h.'nco curriculum for grade T>r may positively 
in-Plusnce the 'controlling of variables' of students 
v;ho xindergo the classroom instruction v^ith tho 
reorganising of the prescribed curriculum v/hen 
compared to those students who undergo the normal 
classroom teaching Jhased on the existing curriculum 
frame, 

'L'he above hypotheses ha^'e been framed in the 
directional form since earlier attempts show that 
acceleration is possible under laboratory conditions and 
field conditions other than. Indian. 

The objective Fo, 1 demands tho assessment of the 
r'>-'asoning patterns of the students before attempting at 
reorganising the curriculum frame* This is done by posing 
problems to tlie students which demand them to' manifest the 
reasoning patterns. This asvsessment may affect the 




the development of bhese reasoning patterns because the 
students \Jho are exposed to those basics may be triggered to 
tfientally operate in a similar fashion. Since there are two 
possible sources of influence on the roo'-'oning patterns^ i.e,, 
the trentiiient and the pre-assessment, there could be a 
possible; joint oftect of tho two influences. The following 
four hypotheses are added along^-ith the above two. 

3. There is no difference in the combin?;torial reasoning 
of students, vjIio have been assessed tyirough tasks 
which demand the use of such a reasoning pattern, and 
those who have not been assessed through such tasks. 

There is no difference in the 'controlling of 
variables’ of students# who have been assessed through 
tasKs v^hich 'emand the use of such a reasoning pattern, 
t3nd -t]iose who have not been assessed through such 
tasks. 

There is no difference in the 'combinatorial reasoning' 
of students, who have been pr.-s-asswssod on tJie rame 
re'isoning pattern and who have undergone the treatment, 
and v/ho have not been pre-assessed and not undergone 
the treatment; and those who have not been pre¬ 
assessed and \d-io have undergone treatment, and those 
vrho have been pre-as-sessed but not undergone the 
treatment, 

6. There is no difference in the ’controlling of 

variables' of students, who have been pre-assessed on 
the same reasoning and who have undergone tho 
treatment, and who have not been pre-assessed and not 
u’xlergone the treatment; and those who have not been 
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pre-assessed and who have undergone treatment, and 
those who have been pre-assessod but not undergone the 
treatment. 

6.5 Tht-’ Design of the Study 

mho design should be able to accommodate the sbudy of 
the followings l) the effect of reorganising the prescribed 
curriculum frarao on the reasoning patterns in comparison to 
the o.'.isting curriculum frame, 2) the effect of pre-assessment 
on the development of these reasoning patterns and 3) the 
intorraction between the treatment and the pre-asse-ssment. 

This problem may be exomined through v^hat iwS called a Solomon 
Four ISroup Design. The desian is as follovrss 


iroup 1 R X O 2 

ijroup 2 R 0^-0^ 

Droujp 3 R X 0^ 

Group 4 R 0^ 

whore R is random assignment, X is erp'*riment3l treatment and 
0^ to Og are observotions. Randomisation in the present study 
Ls not carried out by pooling all the units of the sample and 


allotting them to the four groups? but, four clusters 
(bolonginc. to two different academic yc’" rs) are caii'-’n fLom an 
institution which doe ‘ not have any specific crltsu-lon >,or 


the allotment of students into each division?. 




6.6 iiample 


The Scmplo o£ the study comprises of four groups of 
students of gredc: IX of an "English medium school in Baroda. 

The total number of students in the four groups is 204. The 
number of students in the four groups arc as follov 7 ss Group 1 
50), •'^roup 2 = 5 2), Group 3 = 52) and Group 4 

~ 50). Two of these gro\ips belong to the academic year 
195‘1~'B2 and tno other two of the academic year 1902-'S3. 

Only 6'” of the sample speak English with peers and at homo. 

e rf. St of the sample spcjak Gujarati, Me rati or Hindi with 
p'icrr. and at home. The parantal occupation of 61‘i of tho 
sarnplo is business and tlie rest are doing office jobs, 'Che 
evtrrngp ogc of the sa-aple is fourteen j^ears and eight months. 
The four gro^ips are matched on two external criteria viz,, 

1) j.TC and 2) intelligence as mcasxircd through Ravens 
.'iLondcird regressive Matrices. 

5,7 Tools and 'techniques of Data Collection 

Tho tools and techniques used in the present study are 
1) clinical interviev 7 2) an observation schedule for science 
instruction called System of Observation of Cognitive 
Pi-ocesses in Science Instruction hSOCOPSI) and 3) unstructured 
intervieXJ’s. In (Drder to assess the level of reasoning of 
students the clinical interviei-J technique gives more valid 
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information when comparerl to testing or pure observation. Tn 
a clinical interviev/ the interviewer asks questions to a 
chi10, listens, observes, makes a hypothesis about the 
interviewees conceptual ability, and proceeds to ask more 
questions based on the hypothesis he has formed. The 
interviewer uses probing questions to get at underlying 
reasoning, rncournges the child to test predictions and 
verify ansvTers. In order to assess the level of reasoning of 
children with the above mentioned technique needs carefully 
planned tasks or problems. The study demands the assessment 
of two reasoning patterns viz,, 'combinatorial reasoning' and 
'controlling of variables'. Pour tasks to assess each 
reasoning pattern is developed. Two of these tasks ere \i.sed 
tor pre-assnsvsment and the other tv.'o for post-assessment. The? 
four tasks used to assess the combinatorial reasoning are 
l) Pun house puzzle, 2) Coloured chumicals, 3) Hockey player 
puzzle, and 4) F.lectrical switchina system. The tasks used to 
assess the 'controlJing of variables' are 1) Photosynthesis 
problem, 2) l-'ondulnin, 3) Growth rate of pls.nts, and 4) Palling 
bodies on an inclined plane. All these eight tasks were tried 
out on twentyfour Hi grade students to establish the 
reliability of hhe scoring procedures and to establish the 
equivalence of the four tasks assessing one reasoning pattern. 

The observation schedule used in this study is called 




of Observetion of Coguitive Processes in Science 
instruction" fSoCOPSI). The SOCOPSI gives a qualitative 
description of a classroom instructional process* It has two 
tanjor dimensions viz., the behavioural dimension and the 
process dimension. Teacher and pupil initit'tnd activities are 
coded separately into instructional events. Several such 
instrucbional events put together fo.r:n an instructional 
episode based on the content point being discussed. The 
episodes can bn categorised into different instructional 
patterns dex^ending on the level of cognitive processes 
involved in the instruction. 

Unstructured interview was used in the [present 
investigation for three purposes. One, td probe into the 
rei' sons behind the non participation of students in the 
classroom activities. Two, to collect data regarding the 
planning of activities bv the r-^gular tcacheaj of the school 
who was teaching the control groups. Three, to collect data 
regarding the admission procedure adonted by tho school from 
the Principal. The main difference between the unstructured 
interviev; and the cUnicoi inte:!?viev' is that in the former 
the investigator does not frame any hypothesis on the 
responses of the interviewee whereas in the latter the 
investigator (interviev.>er) frames a certain sat of hypotheso 
on tho responses of the interviewee and t'’='St against the 


actual responses 




6.a The Experiment 
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'\mong the four groups mentionet"! in the design of the 
study group l and group 2 are pre-assessed using four tasks 
(tv7o each for assessing two reasoning patterns) . Tho 
assessment V7?s made using clinical interview technique. The 
tasks used to assess the combinatorial reasoning are 1) fun 
liouse puzzle and 2) coloured chemicals, and for contjrolling 
of variables the tasks used arc 1) photosynthesis puzzle and 
2) pendulum task. The pre-assessment shows that none of the 
stuocnts operate at the formal level (III B) . A vast majority 
of the sti-Ldents (67% in the combinatorial reasoning and 77% 
in the controlling of variables) operate at the concrete 
oTDGrational level (II A) . Only 2 to 6% of the students shovT 
oarly formal reasoning. Objective do, 1 of the study is 
realised through this assessment procedure. 

The curriculum analysis and reframing demand 
concretising of the formal concepts since the students are 
opc/ating at the concrete level. The analysis of the 
proscribed curriculum indicate that most of the concepts 
dealt with demand formal operational structures on the part 
of the learner.'j to cissimilate. Also, dealing with the 
chemical and physical properties of elements as separate 
units leave a lot of gaps in the curriculum structure. The 
students should be able to intarlink the rolationship 
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tbe preporabion of one element with the piropeirty of 
anothen The curriculum frame should be able to highlight 
such interrelationships among the elements. Based on these 
lines the V7hole curriculum is reorganised, thus realisina 
objective mo, 2 of the study, jDhe dynamism of the curriculum 

V 

frairiiv lies on the instructional model through which it is 
presentee to the learners, A model of instruction vjhich 
incorporates a guided inquiry approach. The experimental 
group sbudents (group 1 and group 3 of the design) V 7 ere 
taught throiigh such an ..‘.nstructlonal model for a semester 
(six months) , The number of sessions, engaged in these two 
groups were forty seven and forty eight respectively. The 
students of the control groups (group 2 and group 4 of tho 
desian) wore taught by the regular teocher of the school. The 
benching was based on the prescribed curriculum frame. The 
number of sessions engaged by the teacher were fifty and 
fifty two respectively to those two sections. Six saptJle 
lessons of both the experimental and control groups are 
observed using the SCy^CPSI- 

,Tlie levels of reasoning (coml')inatorial reasoning end 
controlling of variables) of sll the students, belonging to 
both the control and expenmenbal groups, wgj.g assessed, at 
the end of the respective semesters. The assessment t^7as made 
using the clinical inteirview technique. The tasks used to 


i 
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nsstisf the combinatorial reasoning are 1) hockey player 
puzzle and 2) electrical svritching system, ani the tasks used 
to assess controlling of variables are l) rate of growth of 
plants and 2) tailing bodies on an inclined plane, 

6.9 /.nalysis of Data 

'The data gathered through the e’-q^eriment are subjected 
to qualitative and quantitative analyses, 'I?he improvement in 
the rc.rsoning patterns (combinatorial reasoning and 
controlling of variables) in the control and osqperimental 
grotips arc compared. This comparison is made on the 
differences between the pre and post-assessmenta of group 1 
end grouo 2. f''or a statistical analysis, the levels of 
reasoning are converi-od into scores? concrete operational 
reasoning (II A) is alven a score of 1, transitional state 
(.:i B) is given a score of 2, early foriTial reasoning (th a) 
is given a score of 3, and formal operat.ional reasoning 
(IJT B) is given a score of 4, The scale thus for^ied is 
assumed to be of interval scale. Che. 't' test is applied on 
the following four pairs of obseirvations i.e., ' 

Oo 3 nd 0„, Or and 0^, and 0^. and 0^ to test the effect of 
the e 3 <periraental treatiaent. Two way analysis of variance is 
applied on the post-aasessnfjent observations 0^/ '0^/ 

to test the effect of the experimental treatment. 
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pre-GSsessment and the interaction betvreen the treatment and 
p rG - a s se s seme n t . 


6,10 Major Findings of the Study 


■'■’he mn.jor findings of the study can be summarised as 
fol. lows" 


1. Vhe reorganising of the prescribed curriculu'i. frame 
and executing it through a dynamic model of 
instruction has positively influenced the 
'combinatorial reasoning' of- students when coitrpared 
to those stridents who have undergone the normal 
classroom teaching baaed on the prescribed curriculum 
frame. - , ■ 


The pre-assessment -of' the‘ '''combinatorial’reasoning'of 

\ 

r.tuclents ' through tasks ha'vc no ' sir-nlfleant'effect on 

the some■rersoning pattern. 

. .V ,^ ( •' '‘ --ue o 

'3. THero''i -5 rio signi Ticunt interaction between the 

' exiierime^n'hal tre'atmeilt ■*an6 the pre—assessment on the 

'combinatorial reasoning',of students. 

, I ' ' ' I I 

I 

4, The .reorganisincr oE the prescribed curriculUTi frame 

' . I j , ' • ' '■' 

and executing it through, ^ dynamic moo.. 1 , of 
instruction has positively influenced the 'cor^rolling 

I , I t , r ' ' ' ' - j- , ' ' ■ ' 

of variables' of students when compared to those _ 
students vho have undergone the normal classroom 

. V. ^ . J' , -k ' ' Ml 
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teaching based on the prescribed curriculiim frame. 

f 

5, The pre-assessment of the 'controlling of variables' 
of students through tasks have no significant effect 
on the same reasoning pattern. 

6, There is no significant interaction between the 
experimcntel treatment and the pre-assessment on the 
'controlling of variables' of students, 

7, history and maturation have no significant effect on 
both the reasoning patterns vi7,'combinatorial 
reasoning' and 'controlling of variables' , 

6.11 Suggestions for further Research 

The present stwly attempted at accelerating the 
reasoning patterns viz,^ 'combinatorial reasoning' and 
'controlling of variables', throx^gh actual classroom 
instruction by rc=organising the chemistry portion of the 
prescribed science curriculum. The reorganisation is based on 
■j) the prior conceptual structure of the learners, 2) the 
logical reasoning patterns the learners are capable of 
manifesting based on their logico-mathematical structures, 
and 3) t’"*© conceptual structure of the discipline,, Isrlving 
implications from the present study the following suggestions 
are discussed for future research. 
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1. Though the present stud 3 r sugcests that acceleration is 
possible it cannot bo taken as conclusive evic^ence 
from this single attempt, A similar reorganisation of 
the Physics and Biology portions of the prescribed 
curriculum frame, and teaching it through the model of 
instruction used in tlie present study and studying the 
effect on the r.masoning patterns vould give further 
evidence on the merit of tho instructional model. 

2. Tho results of the present study suggest that a guided 
inquiry approach is better than a didactic approach in 
ficcel crating the logical reasoning. This cannot be 
talcen as conclusive evidence because both these 
approaches v»ere based on tv/o different curriculum 
frames, i.e., the reorganised one and the prescribed 
one. This calls for a coaparative study of both the 
approaches to instruction based (^n the reorganised 
curriculum frame. 

3. T>ie initial assesrments of the reasoning patterns of 

grade DC students reveal that more than 7(1% of the 
students operate at the concrete level. In such a 
sitiiotion one can hypothesise that individualised 
instruction may be more effective in accelerating the 
logical reasoning. Or it may also be hypothestsed 
that individual instruction coupled with group 
instruction might accelerate the reasoning patterns 
than by either one mode of instruction. These 
I'ivpotheses be put to test under laboratoary 

conditions and then under field conditions. 

4. The analyses of the data obtained through the present 
investigation suggest that students in the transitioua 
state have ga-'ned better ti-ian the cnncreire oj>eratioual 




212 


students. The difterentia-l effect of concirete and 
abstract instructional ej^eriences on the acceleration 
of the reasoning patterns is an unanswered question. 

It may bo hypothesised that concrete learners may gain 
bettor from concrete esqjoriences and formal learners 
may gain b-^tter from abstract learning experiences. 

5, The operational stage is the most complex among 

the stages of development in the Pdagetian theoretical 
framework, Piinong the reasoning patterns that 
constitute this complex structure only 'combinatorial 
reasoning' and 'controlling of variables' have been 
assessed and accelerated in tne present study. The 
logical operations of multiple classification, 
seriation, logical multiplication, proportional 
thinking, probability and correlational thinking may 
be used for assessing the formal structure and 
depending on the content "being taught in an instruct 
instructional situation, the acceleration of suitable 
logical operations may be attempted, 

6. The assof snent of the t\<ro reosoning patterns vi?.., 
'combinatorial reasoning' and 'controlling of 
variables' hove shown differences in the levels of 
development. That is, all students who have shown 
e.-.rly formal or formal operational reasoning in 
'combin 0 torial reasoning’ have not shown similar 
reasoning ability in 'controlling of variables'. Such 
a difference in termed as 'horizontal decalage' in the 
riagetian theoretical framework. The assessment of 
other reasoning xjatterns that constitute the formal 
structure among the secondary students, and studying 
their interrelationship would aid the cux'rloultm 
reorganisation at the secondary level. This is of 
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ImpoirtanGe because the secondary school students are 
-In a transitional state from concrete to formal 
operational stage and the development of formal 
structures are necessary for the assimilation of 
abstract concepts dealt v^ith in the curriculvun 
proscribed for the grades, 

7. In the present study acceleration of formal reasoning 
patterns have been attempted at grade JX. Similar 
studies may be taken up at grades V.TT and VIII, where 
students shov7 signs of transition. Attempts at 

QGG el ere?.ting the rt:asoning patterns at these grade 
levels may emphasise more on the manipulation of 
objects than the rnanip^ilation of ideas for the 
construction of cognitive striictiires, 

8. The influence of language (medium of instruction and 
mother tongue) on the dovolcpment of cognitive 
structvires need further investigation. The ejq>erle'nces 
of the investigator during the clinical interviews in 
the present study, indicate that students think, 
comprehend and communicate better in the language they 
speak with peers than the median of instruction, here, 
Tilnglish. l-^nnether teaching through an alien language 
would hinder the cognitive development is an 
unanswered question? Similarly, the relative iae?rit 

of mother tongue and Fiiiglish in the development of 

I 

cognitive stmeturos need further investigo'tlon. 

h. The relationship among other personal'.tv variables 
like affect attributes on the cognitive development 
has not been studied in the present .lnvestigatior4^ 

The theory suggests that the affective and cognitive 
development are not only parallel, but influence efech 
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oth-'jr. There is, however, little empirical evidence on 
the interrelationship between emotional and cognitive 
development. Certain questions that can be taken up 
(ror further investigi’tion in this field arcs 
a) whether the development in reasoning affects the 
attitude of students? and b) does scientific interest 
aids the development of cognitive structures? 

10, The present study has attempted the acceleration of 
reasoning in a given urban context. :ieplication of 
similar studies under varied socio—cultural contexts 
would give further evidence on the hunch that the 
reorganising of the curriculuin frame can influence 
the cognitive development of the students. 
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APPBIIDX3C A 

movmm o« RPM and aga of ^ **** ^ 

caloulA^ona of Analyaia of Vatlanca* 


Raw aoorea (RPM) of tha. 


Sr* 

MO* 


Oroup 1 
Ni-SO 


1. 

2* 

3 . 

4 • 

5. 

6 * 

7 . 

8* 

9 * 

10. 

11 . 

13 . 

13 * 

14* 

15 . 

16* 

17 . 

18 . 
19 * 
30 . 
31 * 
33 * 

33 . 

34 . 

35 . 

36 . 

37 . 
38 * 
39 . 
30 * 
31 . 
33 * 
33 * 
34 . 
35 * 
36 * 
37 * 
38 * 

39 . 

40. 
41* 


56 

54 

53 

54 
43 

54 
60 
41 
53 
52 

55 
43 
40 
34 
43 
53 
43 
53 
51 

50 

51 
34 

50 

51 
13 
47 
15 

9 

30 

49 

49 

37 


47 


46 

54 

49 

55 
37 

50 


Oroup 2 

M2m>53 

50 

38 ■ 

47 

53 

51 
53 
31 
47 
43 
50 
38 

42 
49 

53 

47 
17 

48 

43 

44 

54 
46 

49 
53 
51 
46 

50 
49 

51 
34 

45 
51 

47 

46 
43 
49 
46 

48 
SI 
41 
40 
39 


Group 3 
» 3-53 

43 

49 

48 
47 
54 
46 

49 

46 

40 

41 

47 
40 

40 

41 
53 

48 

46 

49 

44 

47 
47 
51 

45 
34 
51 

49 

50 
47 

51 
53 
49 
46 
53 

46 
43 
48 
17 

47 

S3 

48 
43 


Group 4 
HA" 50 

20 

21 

44 

50 

57 

49 
24 
47 
11 • 

50 
37 
56 
49 
54 

45 

46 

47 
40 
37 
50 
49 
30 
10 
15 
47 
12 
51 

50 
34 

51 

50 

51 

52 
43 

53 
43 
34 
40 
43 
55 
53 
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Sr. 

Mo* 

Orotip t 
M|«50 

Group 2 

8^32 

Group 3 

H^-sa 

Group 4 
K4-S0 

42. 

41. 

11 

47 

47 

41 

37 

50 

S3 

42 

41^0 

24 

40 

43 

50 

45* 

49 

45 

47 

54 

46« 

57 

49 

31 

43 

47* 

49 

46 

53 

54 

48* 

45 

54 

52 

53 

49* 

21 

47 * 

53 

54 

SO* 

21 

48 

47 

55 

SSt* 

$2* 

4 » 

* « 

50 

42 

39 

49 

4^9 

«t m 

Total 

3155 

2379 

3387 

2156 


Calcttlatlon of mini of iKiitatoo 
Stop 1 Corroetiofi Tom « (90^> ^ « 40SSS2 

364 

stop 2 Total atwi of oqiuaroo « 42419? • 403882 ■ 2031S 

* I*|i2i2 - "3881 
•<• 376.95 

Stop 4 Kithin «im of 1 « __ 

•quacoa j " - Bafcwoott 98 

m 30315 • 376«9S 
« 19938.05 
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Age (Iri years) of the aampio 



Group 1 

Group 2 

Group 3 

Group 4 


H^wSO 

N2=52 

173=5 2 

N;5S=50 

1. 

14 

16.2 

15.5 

15.4 

2* 

13.2 

15.9 

13.9 

15.8 

3* 

13.1 

16*3 

15*5 

16,3 

4. 

14.5 

15.9 

14.3 

14.9 

5. 

15.3 

16.7 

14*3 

15.9 

6, 

14.3 

16.9 

15*1 

14.7 

7, 

14 

13,9 

15,8 

15 

&« 

15 

15 

14.4 

15.4 

9* 

14.3 

15.6 

15 

14.1 

10, 

14.6 

16,7 

14*4 

13.9 

11* 

14 

15,1 

13,9 

15,6 

12. 

15,8 

14.1 

14.3 

15 

13. 

15.9 

14,4 

14 

14 

14. 

14.4 

15,3 

16,3 

14,5 

15. 

13.6 

15,4 

15 

13,5 

16* 

* 14.9 

14.1 

14.3 

15.9 

17. 

14*5 

15.1 

14 

14 . 

18. 

14*2 

15.2 

13,9 

16,1 

19. 

20. 

13.3 

15.3 

15,1 

14 

15 

15.6 

13.6 

14 

21m 

14.9 

13.7 

14.4 

15.9 

22. 

13.9 

13.8 

14,3 

16.1 

23. 

24. 

25. 

13,8 

15.3 

15*4 

14.6 

13.9 

14.1 

14.1 

15 

15.1 

14.3 

15.3 

15.4 

26. 

14*4 

15,5 

13.4 

13,4 

27- 

15 

13.6 

14,9 

13.7 

m r 9 

28. 

29. 

30. 

31. 
32* 

33. 

34. 

35. 
36* 
37. 
38* 

39. 

40. 
41* 
42. 

15 

15 

15*4 

16 

16.9 

14*9 

15.2 

15.7 

14.8 

13.1 

13.9 

14.9 
13*9 

13.9 

14.2 

13.4 

15.9 
14,2 
14*9 

15.5 
13*7 

14.6 
14*9 

15 

15.9 

14.8 
14.4 

14.7 
15.1 

14.9 

15*7 

14.4 

13.7 

14.4 
15.6 

13.8 
14.1 
13*9 

13.9 

15.9 

16.5 
14.3 

13.5 

13.9 
14*2 

15 

15.9 

14.9 

16 

14.4 

14.3 
15.6 

14.5 

15.5 
13*6 

14.8 

13.9 

14.5 

14.3 
14 
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Sr. 

(3xot^ 1 

Group 2 

Group 3 

Group 4 

wo. 

NlwSO 

N2«52 

N3«52 

H4*»50 

43* 

15*9 

15 

13*9 

14*9 

44* 

14*6 

14*9 

14*1 

13,9 

45* 

14 

13,6 

15.6 

15 

46* 

14*4 

13*9 

13*6 

13*4 

47* 

■ 15*3 

14*9 

IS 

15*9 

46* 

14*7 

15*9 

14*7 

13*9 

49* 

14*4 

I4*a 

13*6 

14*4 

50* 

16*6 

15*5 

14*5 

15*5 

51* 

• # 

14*1 

15*4 

» # 

53. 

»* 

14*1 

15.9 

* % 

Total 

733*6 

775.7 

760.2 

739.8 


st«l» 3 


Calculation of mm of aqioaroa 


Corraotlon Tarm 

- <3CHS9*3y^ • 44391.6 

Total 8un of aquaraa 

» 44536*7 *. 44391*6 
« 145*1 

Batwaan awn of 1 
wjuasaiJ 

»■*• jg^u^ * 


- 4««.6 


I.7S 


3t«p 4 Within snm o£ \ 
aqiiarea^ 


m 


fotnl sa *• Botwran Si 
14i«i *•, 3*75 
143*35 




219 


^ «r'Ji* > ?» 


TasV 3.* 


ft r, anpiit't’• < t'lrt f«! f yd'!'♦■•■’:'(?'•• hxv \ 

r.fte l« ’ >)[, ’’ti 

Pun Mouse Pu*iRle* (comtilnatorlaX roanonlnf;) 



The above given plan of a three rooTti hnns''* la given to 
the Interviewee. The interviewer then enters into a dialogue 
wltii the Interviewee explaining that the fi^Tur*; rhows tna 
r31agr«’fn of a house having three rooms A, B huI C. To enter 
rcK n A there are two doors coloured red and ore.vi. 
enter through any one of the doors, j-rorn the - J 

.Monrt room, there ate three doors merKed X. Y ai..l z. rom the 

second to the third room, there «« T , dLii ' ' 

and 4, Prom tl«e third room to go out there are t o 
coloured blue and yellow. If one haa to pass through t.ie 
rortins one has to pass through four doors, '^or ♦>xa*'ip.e, pointing 
flgurrou?^! the house, the interviewer that 

SL haa t^ pLa - rough the red doer, A door, door n .mJd^red t 
IZ 5h. bluS door to peas through the three rooms an-\ oo out. 

Then the interviewer asks the Interviowae to show «11 
the othL possible ways of passing through 

intorvi«-weS Is supplied with a paper and p^^rcJl 'f/'^ *^'* "**„ 
the ways l.e., all possible four door as given 

in the exsn^la. 


* Adapted from Walker et, si,, (197^) p.2l2* 
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Crlt@ria_ £at' aaaesstsieinit 

fX A ■» The jsubject who alsnply attempt.® co«fft>inatlon» o£ a 
single set of doors from atnong the four sets via*# 
red and green* X# Y and ’Z$ 1# 2, 3 and 4f and 
blue and yellow* That is, one who flnd.s ttwsre than 
one path tout lass than five* 

IX B « This substage la characterised toy one who 

solving the problem with the basic combinations ana 
with the addition of nxn and n x n x n combinations* 
That l8» finding out more than six paths and less 
than 25* 


III A « This subatage Is characterised ^ ^ 24*. 

and n X n X n! X n combinations* That Is, f lading 
more than twenty six paths without proper explanation 
of the combinatorial system. 


III B - This subatage Is characterised tor 

cS«£iStionri.e*. flading out the for^ sight 
paths In a systematic way and explaining how it was 

found. 


TasAe XIi 


coloured Chemicals* toontolnatorial reasoning) 
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Tri*% iri< ijj f'-ur ftt'nil.sr toi:.* 

oont«»iriI»i-j -It 1 »?*?#» ii.jtjlds which |>»»jcept.uiil ly tclc^ntlcsil* 

limy «i*» t . l3ered» 1 (dtlute sulphurIc acldh 2 
3 (o^yM* tsf ‘ 1 wat.«r); and i (th^osulph-tt^f, solution)* Af»oth^r 

with a colnurlttSn ilipild with a /Irops'or Is a-htwl to t:h<a 
above four. Thia la label lad 0, The intejtvlewae la sh^>wn a teat 
tube rontnItiIf,r| a colourleea 11 juid. rho «nt orview^r tvlls 
tl.f't t-bo liquid la taken from one of the four lv;:»ttl <*3 or 
combinations of two or ^■^>re from tl»e four hc'ttlos. ""he 
lntarviei«er than adds a few drops of th*' liquid G to the test 
tube* The coir**’** of the VI iull t»> yellow* The 

l».i arvlf’w#»e Is then asked to do various expot j-'n'ui* ■; 
t «,>duce tha yellow colour. They are supplied with test tubes 
iwsshed and ol»an«d), r>etalled observations are mad^ HfU the 
TMiblnations tried out by the interviewee. If t)»e lotrirvlowee 
s’ops after a couple of trials, he is persuaded to try all 
P >sslble comblnat li^ns. 

crlteit l« fot assessment** 

Ji A - The subject who simply atten^ts combinatioita of a 

single liquid with G or all four with G* without any 
other comblnatlona. Is in substage II A. Any hypothORis 
formed will be quantitative (too much water or too 
little water) dealing with only sertt^il ordering or 
correspondence. If the colour is achieved, it will toe 
fortuitous and Mie colour will be attributetl to a 
single liquid rather than a combination, 

XI B Thie substage is characterised by the same basic 
reactions, with the addition of some n x n 
combinations with 0 or n X n K n combinations with O, 

At this substaga the subje^ t will not continue to 
experiment without reasonable prompting* 

XIX A •« The two innovations that appear at this substage are 
the introduction of a systematic method In tine use of 
n X Ti combinations and an understanding that the colour 
is the resultant of a canblnation rather than coming 
from one of the liquids, A subject at this Rubstage, 
whan producing a colour prcKiucing combination, does not 
stop there, but goes on. He tests other cordainations, 

XXX B - The di fference between the substage tt 0 aryl the 

earlier on* is only of degree. In this subatage the 
combinations and proofs are organised more in a 
systematic fashion with tdte exporlmant organised from 
the start with the Intent to find the proof. 


Hefer Rsnn«r al* <19?6) 
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Photosynthesis Puzzle^ (controlling of variables} 

The Interviewer supplies the interviewee data regarding 
®^P®J^in'®nts conducted under different conditions. The 
conditions and the results of the experiment are 
given in the following table. 


Container 

Plant 

part of 
the plant 

Light 

colour 


-r 

C 02 

remaining 

1 

Tulaal 

Leaf 

blue 

10 

200 

2 

Balaam 

leaf 

purple 

23 

50 

3 

Tulasi 

root 

red 

18 

300 

4 

Balsam 

stem 

red 

23 

400 

5 

TuIasl 

leaf 

blue 

23 

ISO 


Initial amount of carbon dioxide in all the j&ts is 250 
units and all Jars are kept In these conditions for two 
days* 


The interviewer describes the experiments by telling that 
the Jars are kept under different conditions for two days* He 
then asks the Interviewee to explain the five experiments In his 
own language* This is to ensure that the interviewee hai 
understood the conduct of the experiment. Taking cues from the 
talks of the Interviewee and using the same words, the intervi¬ 
ewer asks the following question. On the basis of the data 
given in the table, which two Jars or containers will you 
compare to find out the amount of carbon dioxide absorbed pex* 
day at two different temperatures* it is Implied in the 
question that the other conditions have to be the same. But, 
this clue Is not made obvious to the interviewee* 


Criteria for assessment 

II A - The subject who simply answers by comparing any twd 
jars kept at two different temperatures or the same 
temperature with improper explanations, 

IX B - This substage is characterised by the comparison of 
two jars kept at two different temperatures and 
controlling any one or two of the other three sets 
of variables viz,, plant, parts of the plant and 
colour of light. The controlling is expressed through 
proper explanations, 

IIT A - This substago is characterised by the subject vdio 

con^ares two Jars kept at two different temperatures 
and controlling three sets of variables, but not 
supporting it with proper explanation or who changes 
his line of argument on probing further* 


* Adapted from Wright 
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XII. B « Who comparas two Jar» at different temper- 

*3y controlling all the other variables and 
giving valid explanations for the same. 


T*«k IVt 


Pendnluw?®' (controlling of variables) 


f 'i' 4 «>6 65 

. * J 





The interviewer gives three threads of different length 
to the interviewee, a stand to fix the thread, and a set of 
bobs. The bobs ere of different siees and weights. Among the 
five bobs, three are large (their volume Is. ■che same, but thr' 
materiel is different and so the weights are different) .im» » « 
leed, the second brass, and the third an aluralniura bob. A set 
of two more aluminium bobs are given to the interviewee. They 
are of varying volume. The three threads have a hook each tied 
at one end end the bobs can be hung on these hooks. The 
Interviewer then asks the interviewee to make different 
pendulums using one thread and a bob at a tinte, and make them 
swing each time. He is supplied with a stop watch. The 
interviewee is asked to answer the following question after 
conducting various experiments. Which among the factors vie,^ 
length of the string, mass of the bob, volume of the bob, and 
the height at which the bob is released affect the period of 
notion of the pendulvua? In other words, what factor makes the 
bob go tp a^ down slow or fast? 

The activities carried out by the interviewee is noted 
in detail by the interviewer. 


Criteria foe assessment 

XX A <• The subject who stingily cannot control any of the 

variables. The fairly obvious variables aret 1) the 
weight of the bob, 2> the length of the string, 

3) the height of the dropping point, and 4) the 


kefer letoeldNsr iwaf Piaget, Cli>S8> pp,d€udy 

' ■ ' " , ■ ■ . ' '' d 
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IX B 

XII A 


ttiagnitudo of puaih given to the bob. 

- Thl« substage Is characterised by 

two aitt!>ng the obvious variables except the relevant 
variable, i*e,, the length of the string. 


- This substage Is characterised by controlling 
variables one by one keeping others constant, 
fails to explain his action. 


the 

but. 


III B « This substage is characterised by 

variables systematically end giving a proper 
explanation for his actions* 


Task Vi 


Hoekay Player pusale^ (combinatorial reasoning) 



««.bov. fi^«« 

minnlled wUh coloured paper ierseys of four 

aborts/sklrts, '*Gr«en and Yallowj sho^/«^i|^* 

^lo^s via., orange. violmU 

ro?:.issrts:;iS?[nri.s. «>•»«» 

putting on or %ieeirxwv 


* OavalopeA W the Investigator. 
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aak* interviewee to try end find the different possible 
ways In which the player can wear the sets of gear given to 
thMS* 

TPhe Interviewer then makes detailed observations regairding 
the way the interviewee goes abont 'solving the puzzle* 

criteria of assessment 

XX A •« The subject who attempta only a single set of gear 
xrgm among the different sets possible* That is* 
one who finds more than two ways of wearing the gear 
and less than five ways* 

XX B - This substage is characterised by the same basic 

o<»nblnatlon with an addition of n X n and n X n X n 
conibinations* That'la* finding mora than six different 
ways of wearing the gear and less than twenty five 

ways. 

rxi A This substage is characterised by n X n combinations, 
n X n X n, and n x n x n X n conibinations. That is, 
finding out more than twenty five ways of wearing 
the gear without proper explanation of the 
combinatorial System* 

XXX B -> This substage is characterised by all possible 

ccHoblnations* That is, finding out all forty eight 
possible ways of wearing the gear and explaining it 
logically* 


/ 

Task vxt 


filectrical switching System* (oomblnatorlal 

reasoning) 






226 


, - system consists of tlvo switches .mtkoA 

Z and M* The switches are connected to ft dry cell 
and than to a light emitting diods (led)* The switches are 
connected in such a way that the combination of switches *l*„ 

3 and M in the *on« position, the cell and the LSD comes 
In aeries and the led emits light. The switch *2' is not 
connected to the circuit at all. Switch la connected in 
such a way that, %rtien it is In the *on‘ position ^e circuit 
to the XifO is broken. Therefore, under two combinations of the 
. switches in the *on* position the LED gives out lighlu They aret 
1) n\ 'S' and 'M*, and 2) •!*, *2*, ‘S' and -M^V" 

The interviewer asks tha Interviewee to try all possible 
combinations to light tha LED« The interviewee is specifically 
asked to try all possible condsinations, even if they could 
make the USD give out light once. 


Criteria of aasesament 

XX A « The subject iidio slowly attempts combinations of a 
single switch in the *on' position with *H' or all 
four Bwitchea *on* with 'H*. A subjeet in thia sub* 
atage will not try any other possible cord>inBtion« 

XX B * This substage is characterised by the same baaio 
oonbinatlons as given In XX A with the addition of 
n X n combinations* That is, more than five 
co(id>inatlona hut less than tbhb! ' 

XIX A * This substage in characterised by n X a and n X n >X n 
coniblnatlons, and an understanding that tha light la 
the result of a combination of switches in the *on* 
position and not from any one of the swltohea* A 
subject at thia substage. Whan finding a light 
producing combination, does not stop there, but gcMS 
on to test other combinations* Tha subject may not 
be in a position to give full explanation of the 
combinatorial system* 

IXI B * This substage is characterised by the subject goes 
about finding the combinations and proofs in ft mote 
organised mannar* The subject starts with tha 
intention of finding tha proof* 
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•EASk VXIs Growth Rate ot Plants*^^ (controlling of variables) 


Pots 

Type of 
soil 

Manure 

Muga of 
water/day 

Light 

Condition 

Growth of 
plant 

1 

Sandy 

X 

1 

shade 

14 

2 

Sandy 

y 

3 

sun 

10 

3 

Cl ayay 

z 

2 

shade 

8 

4 

Mixed 

z 

3 

sun 

12 

5 

Sandy 

X 

2 

shade 

16 


Tha sttident ia given dAtailed Information regarding 
•jqEwrimanta conducted to find the rate of growth of bean plante* 
Me la told that five mud ik>ta are taken of equal alee and are 
fillad with aandy^ clayey and mixed aoil as given in the table* 
Three different typea of manure are added to pots as given 
in the table* Aleo, the student ia supplied with details 
regarding tha conditions under which the pots are kept for a 
period of t%fo weeks. At each atage of narrating the problem 
to the intervieirae* he ia asked to repeat the experimental 
oonditione. This ia done to ensure that the interviewee has 
perceived the problem as the interviewer wants him to. 

The interviewee is then asked the following question. 

BM con^parlng which pots can one study the effect of watering on 
the growth rate of the plants? 


Criteria of assessment 

XX. A » The subject who simply compares any two pots kept at 
two different conditions without earing to control 
even a single set of variables. 

IX » « This sUbstage is characterised by the comparison of 

two pots to which different amounts of water has been 
added per day. but not controlling other sets of 
variables, vis., type of soil, manure and the light 
condition. 

Ill A • This substege is cheraotarlsed by the subject who 

coispares pots k^t undtor different light conditions 
by controlling all other sets of variables with 
l^roper explanations. 

Ill » - The subject Who compares -^s p^s to ^ich different 

amounts of water is sdded per day. and controlling all 
other variables. Also# the s^Jsst Is in a position 
to offer proper explanation for bis comparison. 


Adapted frott mtum 
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!l!ti5k VIIIs Falling Bodies on an Inclined Plane*^^ (controlling 

of variables) 



Tha axpariraental apparatus consists of a plane 
adjuatable to various angles of incline, A ball can be rolled' 
down the plane; It bounds when it hits a springboard at the 
‘ base. The problem is to find the relationship between height 
of the point from which the ball Is released and the length 
of Its bound* To study the relationship the interviewee is 
given steel balls of three different sizes* Since the material^ 
with which the ball is made remains the same their weight also 
; changes beoause of the difference in the volxime, 

; ‘ The inclined plane can be raised or lowered by moving 

the peg on idilch it rests to different holes in the board. 
These also serve as an index for measuring height. Balls of 
varying sizes are released at different heights on this planei 
hit a board at the bottonw bound in parabolic curves, and 
, come to rest in one of the compartments (numbered 1 to S) * 

' These ere the Interviewee's index to the length of the bound. 


Criteria of assessment 

H A-r The fairly obvious variables are; size of the bob, mass 
of the bob, height from which the bob is rolled along 
i: the inclined plane and the distance from the lowest 

point of the inclined plane. This substage is 
characterised by the subject who docs not control 
any of these variables. 

IZ B*» This sajbstage is characterised by controlling one or 


• Befer Ihhelder and Piaget (1956) pp.80-8i. 
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two «nong th« obvious vsrisbltts saDoopt tho 
varinblo !•••» hoi^glht of the point from which the 
bob is release. 

XXX A •This substaca la ehaxaatarlsad bar controlling all th« 
obvious variablas inoluAlng the ralavont one, but, 
in an unsrstamatie fashion anA giving ln^ropar 
asp lanations* 

. XXX B* this substaga it oharactarisad by controlling the 
variables ona by one in a ayataai^o isanner and 
giving tha right aaqplanatlona. 




Ai^PEWDIX C 


n£ the reasoning patterns hy three 
j«aqes on the eight clinical interview tssks. 


Age I Sex 


14 

B 

A 

S 

II B 1 

It B 

IZ B 

IZ B ^ 

II B 

II B 

II B 

II B 

11 B 

IX B 

II s 

IX B 

11 B 

11 B 

XX B 

II B 

II B 

11 B 

11 B 

11 B 

IX B 

11 A 

II A 

IX A 

11 B 

II B 

1 11 B 


B 

11 B j II B j II B 

IT B 1 TI B 1 II B 

II B i II 0 I II B 
II B I II B 
IX B 1 IX B 
illl A It II A 
II A 1 II A 
It B 1 II B 
11 B ! II B 


III B ;II1 B 


« 1 — I 

lit A [i ll Aj 


*Ag* years#months. 

rrask 1 - fun **>«•• *^**'** 
,..k K - Colo»wd CM-lcl- 


Q « judge 1 
A - juage t 
S - Judge 3 
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@r« 

r 

rack 

IJ 

Cl 

2«*k IV 

Task V 


n 

A 

s 


B 

A 

8 

B 

A 

s 

1 

TI 

A 

IX 

A 

XI 

A 

ZI A 

IZ A 

IX A 

XZ 

B 

IX fi 

11 

B 

2 

XI 

A 

IZ 

A 

II 

B 

IZ A 

ZI A 

11 A 

11 

B 

11 B 

XI 

8 

3 

XI 

A 

XX 

A 

XI 

A 

11 A 

XI A 

IX A 

11 

B 

IX fi 

11 

B 

4 

II 

A 

11 

B 

11 

fi 

11 B 

11 B 

XZ B 

11 

B 

ZI fi 

11 

B 

S 

11 

A 

11 

B 

11 

B 

XI B 

11 B 

III A 

IZ 

B 

11 B 

XX 

B 

6 

11 

A 

zx 

A 

11 

B 

XX A 

11 A 

ZZ A 

IX 

B 

XZ fi 

IX 

B 

7 

II 

A 

XI 

A 

11 

A 

XI A 

XI A 

11 A 

XX 

B 

ZZ B 

IZ 

B 

e 

IX 

A 

IZ 

A 

11 

A 

XI B 

XX B 

II B 

IZ 

A 

XX A 

It 

A 

9 

II 

A 

11 

A 

XI 

A 

XX A 

IX A 

IZ A 

IZ 

B 

IX B 

zx 

B 

10 

zx 

A 

zx 

A 

11 

A 

IZ A 

II A 

XI A 

ZX 

B 

XZ B 

ZI 

8 

11 

11 

A 

IZ 

A 

11 

A 

11 A 

XI A 

11 A 

XZ 

A 

XX A 

zx 

A 

la 

IX 

9 

11 

B 

tll 

A 

IZ B 

lit A 

ZZ B 

IZI 

B 

III a 

XIX 

B 

13 

It 

A 

ZI 

A 

XX 

A 

IX B 

ZI A 

II S 

11 

A 

IX A 

IX 

A 

14 

II 

A 

xz 

A 

zx 

A 

II A 

XZ A 

ZI A 

II 

A 

XI A 

11 

A • 

15 

11 

A 

zx 

A 

II 

A 

XI A 

XZ A 

ZZ A 

XI 

B 

XX 8 

XX 

B 

16 

II 

A 

II 

A 

11 

A 

II B 

IX A 

ZI A 

11 

B 

ZX A 

IX 

B 

17 

■ 11 

A 

IZ 

A 

zx 

A 

II A 

XX A 

XZ A 

II 

A 

XZ A 

zx 

A 

18 

zz 

A 

XI 

A 

II 

A 

ZI A 

.IX A 

XZ A 

XI 

B 

XZ B 

IX 

B 

19 

zz 

A 

XX 

A 

11 

A 

ZZ A 

II A 

IX A 

11 

B 

XZ B 

zx 

fi 

30 

zz 

» 

xz 

» 

XX 

B 

XX B 

11 B 

II B 

ZZ 

B 

XZ B 

XI 

B 

31 

zz 

8 

IX 

B 

ZI 
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- APPitll'IDtX D 

Observation Schedule 

system of Observation of Cognitive Processes (SOCOPSI)^ 

This system of otessroom Interaction observation has two 
dltnexislons vls^^ the Behaviour Dimension and. the Process 
blmahslon. A relevant Instructional behaviour can bo classified 
into one of the seven categories given in this system. Each 
behaviour exhibited by the Teacher or the Student has an 
underlying process. This process can be Included In one among 
the nine categories given in the system* The categories In theee 
two dimensions and their definition® are given belowi 

Categories and their definitions 

I Behaviouri is meant to be an overt, observable, verbal or 

non verbal aot on the part of the teacher or the 
student, classifiable into distinct categories* 
Here^ only those behaviours having an underlying 
cognitive process dimension are considered* 

1* Expesitiont states, leetures, narrates, explains, 
describes, enumerates, etc* 

9* Ciuestioningt Interrogates, calls for eaqplanatlons} 
statements, justifioattons, etc. 

3* Direotlngf instructs to carry cut specific acts, 

4 * aiving reedbachi an act in rei^onse to and reinfoxreing 
another act* 

S, csulding/supervisigg/Lifftening/Watehingi All the ateove 

are passive behaviours,^ guiding/supervlslng • 
is whth the agtor passively oversees a 
Oertain activity ^©be by another/others* 
iilstenlng/Watchlng is a passive activity ef 
receiving* 

4* perfotmlng/Observingt both these are active behaviours* 

Performing means manipulating an object 
physically, e,g,, wriUng^ bbservlng meana ^ 
specif leal iy loohin^ fOf/at eVehtO 4®* 
objects* 

7, Mlsellaoeeusi Any behaviour that has hot been inolti^ed 

in the above oategoriasi but, relevant in 
understanding the mental processes ©f a 
b^aviour* 

II pregeeei i« the oognitive activity undofflyi**! a behaviour♦ , 

Tt formas the intentions behind -© 

behaviour# ehd as such can be deduced freb the 

^ iMiyelnped by l^ngn at# al* 





occur--jnce of the behaviour in a particular context* 


1* Giving inforTTiationt Retrieving facts or cicc'; 75 to'"'t Aata 

from one's reportoir© of experience and presenting 
t.hem. Reporoducing fact3^ data from verbal or 
pictorial r.ources* Recognisinq an obioct or event 
based on one'.s reportoire of and 

presenting facts, data concerning thcm> 

2* Seeking/recciving/gathering information: ctive/passive 

reception of facts, data, etc. Seeking information 
means asking for information. ’oiving informa¬ 
tion means a passive intake? of information. 
Gathering info, mation means collecting fact:., data, 
etc., through observation, referring verbal or 
pictorial sources. 


3. Calling for hypotheses/Posing a problem; Asking for 

identifying dependant and indexjandant variables 
in a phenomenon and calling for possibie Cc'UC'tl 
relationships among them. Presf-nring incompitjte 
information with a gap and a^Jklng for possible 
ways of l'‘ idging the gap. Presenting jumbled 
bits of information and asking for possible 
patterns of organising Lhom, 


4* Giving hypotheses: Tdentlfyinq dependant and Independant 
variables in a phenomenon and pi'esenting possible 
relationships among them, SuggesJting v/ays of 
bi Liging gaps among incomplete facts, data, etc. 
suggesting alternative patterns of organising 
jumbled bits of Information, 


5, Tosting/Evaluatlng/judging hypotheses/Morking out the 
problem;; Deducing observable events from hypotheses. 
Planning/fabricating procedures of controlling 
x-elevant variables and observing. Making 
observations to verify hypotheses. Recalling and 
'raconstructing past experiences to verify 
h'.^Otheses, Trying out ways - ' bridging gaps 
among incomplete facts, dat , 'tc. Trying out 
alternative patterns of organising jumbled bits ■ 
of information. 




7 . 


Acceotlng/rej acting Hypotheses: Taking a hypothesis aS 
confirmed, on the basis that testing procedures 
have been necessary and sufficient proof ^-or 
its validity. Rejecting a hypothesis on the basis 
of insufficient proof. 


hallenging hypothesia/information: Pointing out internal 
contradictions of a hypothesis. 
factual errors. Pointing out 

testing procedures. Pointing out insufficient 
basis of confirming a hypothesis. 
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8* <3«neratl»ing/D«j^imiting tjypotheaisj Seeing a verified 

hypothesis In a wider oontext and determining the 
scope and eittent of its applicahiXity* 

aummarijingK'Cohsolidatlhgi Oirganising and talcing atocle 
of the Various pi?o<sesses completed a© far and 
djraw relevant oonolusiohs and asH further 
|elavant queatlcns* Highlighting the salient 
featured of the various hits of information and 
.otganisih^ them ikto i atruoture» ' 


hecordih# a Qlasatoom ihatrUdtien Usih^ SOCOPsi 


fteeordind Usind fccov'at i# net don* with a time interval. 
A -^eehifif point er ^ H^sttuetignai «|>isede* is taken as the 
unit for #Qdi^ ahd ia coded within a sgUar* hracsket. one 



dimentidnl th* hehatioural di^lioh and the pirocess 

^ ttdo^uer ju!iges aiid ihih fitiiilies the he^viour * 
df tn# ttaqnef or «tMa’tit into on# #f M iioten Categories.'Me 
f#gerd« the nTfnd»r pi the neitt to the letter or' 

e* the ease Is, j^esfd on' W Mdged ^hatieur the 
ieeoheir or etu^ent initiated fotilit?. .th# weipaer infers the 
underl^h^ prodees end identifiei it itlnf the nine prccean 
gatefone# *nil”ife«<irda it* toftwetnte tn lietiUetional eUent la 
»#«ordfi| tw i iettetf and %m .W' letfeejf t# ir«preaeii|' 

tht Iniiieidf.ei#-th* irepwesfintint, ^h* two dlmensionnf'■ \ 

S Oi^pie if iliptwntiina 1^, te illiaatrate the 

odini ep^irlMi dne< e e 

teiohin# pdi# Ik |f#no|fw^ lii* i ttudent eahin^ a 

clarifidilidi im wet W je ^ 

d iMint lihiti* in instp^tlonal 

event i# dl^ef'entlated ffom enithef With a 
ti tm re If vent instrwtlsnal events taj# 
thih' fiftwdat rsoojirda it with an ohUw wjf** “frTdf#. 
diverii »uis^ events put together forme en ''ineffi^ionel 

ifiaeloS m <»^h an episode is braakefed Haini ^aje fmjctft 
Tfnere may tse.pivarai auoh episodes in gn instf^tidnai situetioe* 
S^tiieae tif^tire duration of a elels may 
fpieede e.f« i 
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off iristirtActiori 


icmrn it Harjration Pattern 

narrate 0 an entire teaching point* He 
ff conclude0 the narration without attempting 

to make the atudenta actively participate in the 
claaaro^ inatrtiotlon* The recordings may go like thlSf 
^11* 1?1$0 • Here* the iifhole content is treated at 
the infomtatipn level» 


jtern ll* Narration with aide Pattern 

ttere* the teacher covers an entire teaching point 
through hts narration assisted by audio-visual aids 
Including a demonstration. The recordings may go like 
tliiat (Til* Tdl* 'Pii# TiaJ* The aids are used gnly t© 
pass on an information i*e.* no attempt is madfe to 
pose problems to the students. 


ttarn tXIt Narration with recall questions 

Xn this pattern of instruction the teacher covers a 
teaching point through his narration* but Intermittently 
asks quastlons to seek linformatlon thereby evaluating * 
the students* immediate learning. The recordings may 
go like thlS*rTu, Ta 2 * Sn t Til* T 22 » Sli» T41/T42* SijJ 
etc. Here again the treatment of content is at tha 
information level. 


kttsim XVs Narration with aide and Recall questions 

Xn this pattern the teacher covers a teaching point 
through his narration and with the help of aids and 
asking information level questions to seek olarificetlona 
from the students thereby evaluating the liimdiate 
learning. The ritcordings may go like this* [jll* Tdi* 

T22* Sii* T42* T42* ®ll 3 * 


attern v« process by-pess Pettem without aids. 

Here* the teacher poses e problem calling for 
hypothetical solutions* tha stdents give hypotheeast 
the teacher accepts it or rejects it* explains his 
reason for rejecting or accepting the hypothesis or 
Iwpotheses and concltides. The recordings may go like 
tblsi rT23^ 814» T46# ^lU . The main difference In 

this pattern from the former four patterns is that the 
teacher calls for hypothesis from the student thereby 
•kindUng* their thought processes. 


Pattern VI* Pcooees by-pass pattern with aids 

Hera, the teacher poses a problem* by reoailivmr . 

«]a*eriences# by the use of aids* calling for hyj^^etloaX 
l^utionsi the st«idents give hypo^esesi 
eoeeot* or rejects itf expiaia* bhe reason fof 
Sjiicting the^tiypetokesis or hwtheses ajd ooylt^a* the 
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»«»> • PMSwitatlon of tho 

SSS rj?2oSS!?i “ to th. .tudonto nthor 

tnan « preiorlptiv# problam (aa In the case ot pattexa V) * 

pattarn VXXt Proceaa Narration Pattarh without alda 

taaohar, ^aaa a problem oalUn? «or 
^Ivae possible alternate 

nypotnaMs; eliminates the unstable and internally 
contrMlotory oiwa« throu^ logical arguments* tests the 
■ ? "ypoweses through arguments; accepts the 
valiaated solutions and fits into a large conceptual 
frame and concludes, a typical recording way go as 
followsi ITi3, T23, Ti4, Vi5, Tj® Txj, TiBt 'Pigl • 

Here« tha instructional apisode is not at the 
information leirel but at tha hypothasea testing level* 

¥his pattern doea not attaii5>t at ansuring the stud'^nts* 
active partiolpation. 

Pattern VXXXs Process Narration with Aids 

In this pattern the teacher poses e problem with the 
help of aids or past/day to day experiences^ calling f6r*' 
hypothetical aolutlona; then gives possible alternate 
solutions; eliminates tha unstable and internally'' 
contradictory ones^ through logical arguments; tests 
the plausible hypotheses with or without the help of , ) 

, aids; accpts tha validated solutions and fits into a 

large conceptual frame and concludes, A typical recording 
may go as follows; frea# ^23* Tl 4 » Xis, Tie* ^17, Tia* 

Like Pattern VII the instructional eplsooe is at we 
hypothesis testing level and not at the information leveli 
This pattern is a shade better than pattern Vll to the 
extent that tha problem is likely to appear as a 
• problem* to the students since tha problam posing phase 
‘ of the episode is agumented with real or simulated 
axparineces* Tha Isciina in this model is that an aotiva 
participation on the part of the learners is not ensured* 

Wttam XXs prooeas of inguiry pattern ^ ,1 

Here* a oonaeptusl background is prepared by tha teacher 
throuw discussion or through the provision of conewte 
oxpariences which oulmlnetes in the Identification of 
tha problem, Tha teacher oonsoiottsly OMOtes the 
background of the problem keeping Sis'" 

curriculum frame and the concept to be highlighted < , 

and also tha level of abstraction which the stage of ^ 
cognitive development of 

problem emerges from the students the teacher cells for 
;15pothetioal solutictts or the etu^nts themselves eow 

out with hypothetiioal rolutions* demoomltftntly the . 
Internally ccntfadiotlkty kypotheses 
■ Students* Also* they reject the untest^is hy^tnesetf 

The possible hypothesos ore'tested eft^st ect^l 

' obssrvst io ns or^tt ’tirie^ on aerlisr observatlo^' mad# 

- toy othor#* .fhe'tsbtf* ,hif!s»©^fet'evoke 
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•twl th* pa;t>c««d« ii) a cyclla mannerr or xti 

1« iiilMK'gix'«t;«di loto t.he tmderstanding off ■tha pliawmenon i. 
A typical *mp±modm* may ba racordled as ffollowss 
T22* •11* Xas, S4i, T27, S 27 # ^7* ^16# ^IB* ®19* 

T27* ®17* ®1»* ®l»J# 
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appendix B 


SAMPLE CLINICAL INTERVIEWS 

T«* 1. run Hou». PuMl, (combinatorial reaaonlng). 
Inttrulaw with m>, aax - mala. ag. 13 y.ara, 11 month,. 


''*^*’* intarrlauaa, a card 
tha*^ntar?l«Ia?'’ °* * *“““ 91-''“ *«> 


Xnt:ttrvl.«irWfirt A* • plan of a houso vith i:hir«o ct>om 8 A» B 

ana C Cpoin^ng at the plan of the .house) • The rootns are 
connected by doors a Suppose you are stai^dlng here (poln* 
ting at the figure on the card), and you want to pass 
thro^h the three rooms* To enter the first room there ere 
two doors l«e*^ a red door and a green door* You can pass 
^rough any one of them* To enter the second room from the 
firsts there are three doors* They are; door marked A* 
door marked b and the door marked C* You can pass through 
any one of them (pointing at the plan)» To enter the 
third room from the second there aj?e four doors* Door 
marked 1« door marked 2« door marked 3 and door marked 4* 
You can pass through any one of them* And« finally, to go 
out of room C there are two doors* s blue door, and an 
yellow door* You can pass through any one of them* To pass 
from hers to hers (pointing at the oaird) you have to pass 
through four doors and let us call it a four door path* 
MOW, you explain to me what this four door path is* 

MDPi Z can pass through Red, X, 1 and blue* This Is a path. 


Interviewerr Now, can you tell me how many such four door paths 
are there? I mean, you have shown me one path. Are there 
other paths also? 


JQP* Yes, there are (pointing at the cerd) * 1 can pass through 
areen, ss, 4 and yellow* 

interviewers Can you tell me how many such four door paths ace 
there totally? 

mxPt tlooks around, no response)* 

interviewers if you want to write anything you can ^Is 
paper an«S pencil (pointing at them kept on the table) * 

MX^s Ho* (after a long pause takes the paper and starts writing) * 

mts (after the interviewee hes stopped writing) Have you 
completed? 

MDPt Yes* There are four paths (pointing at what he has wrlttsn)« 


lots 

MDPs 

Xntt 


Pleats explain the four paths* 

usd, 5C, 1, d 2 * yellows Green, a, 3 4. bXuei 

and oreen, », 4 and fellow* 

Can you paas through crean, X, 4 & yeliowt. 
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OT)P! a pauaa) no* 

lnt» Why? 


WOPs 

Xnt* 


I havf alr««w1y passed through x. 


NDP* Thoni. there are only two ways. 

Xnt* But, you have written four? 

WDP* Idont Hnow, l think there are four, 
tnti Are you sure? 

NDP« Yes. 


Int* Can you explain? 

WDPi Red, X, 1 & blue; Reid, Y, 2 A yellow^ Qreen, Z, 3 & blue? 
and Green, Z« 4 & yellow. 

Xntt Are there any more paths? 

HOP I X think, there are four ways only. 

Xnt» Are you sure? 

NDPt Yes. 

Xnt* Thank you. 


Task XXs Coloured Chemicals (combinatorial reasoning) 

Interview with AMP» sex - female, age 13? 7» 

Xntervieiwer« Here I have got four bottles containing colourless 
liquids. They are numbered 1, 2, 3, & 4 (pointing at the 
four bottles)• Here X have got another bottle containing 
a eolourleas liquid. It is marked 'O*. The liquids in 
these five bottles are different, can you repeat what X 
said. 

AMPi There are five different Itqpxids in five bottles. 

x«t« How do you know they are different? 

AMPt They ere marked .differently (pointing at the bottles) • 

Ittt* Here, I have got a test tube containing a colourless liquid* 
This liquid I have taken from these four bottles. It may 
be from one of l^wise four bottles or it may be a ^9^ure 
from two bottles, or from three of them or from all the 
four put together. Now, I am going to add a few drops of 
•O* to It* bet us watch what happens (adds a few drops of 
liquid O) * What happened? 

AHPt It turned yellow. 





2 ^ 
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Int: ^ept under these conditions for two day a. 

aecond day i measured the amount of CO 2 
left in the jars and I found them to be different in 
airferent Jars. (Explains the quantity of CO 2 in the Jars 
pointing at the table) , tfiow, see whether you can answer 
this question. If you want to know the amount of carbon 
absoibediper day at two different temperatures, 
which Jars would you compare? That is, if you want to know 
whether at lower ten^erature or higher temperature the gas 
is absorbed more which jars would you compare? 

{tout (After a Idng pause) Jars 1 and 5, 


Int* Why? 

RCUL* Because they are kept at two different temperatures. 

Inti Then why not jars 1 and 2, They are also kept at different 
temperatures, 

ftOAt They are different plants, also, the conditions are not 
the same, 

Int* Then why not Jars 3 and 5 , The plants are the same, 

RQAt (After examining the card again), No all the conditions 
are not same. Only by comparing 1 arK3 5 you can compare. 


mt* Thank you. 


Task IV* Pendulum problem (controlling of variables)• 
Interview with AKM sex • female, age - 14;0 

mtervlewer* He,ce, I have got threads of three different length 
(pointing at the threads). And, here, I have bobs of ■ 
different oiaes and shapes (pointing at a dish containing 
the bobs) • Here, I have a stand to which you can fix 
these threads* using these threads and the bobs I can 
make dif ferant swings (Choolas) , Now, I want you to make 
ell possible oombinationa of choolas and tell which among 
the choolas taka more time to go up and down like this 
(demonstrates using one of the combinations)• 1 have kept 
e stop»*clock here, if you wish to note the time, 

AKM* (removes her wrist watch) she starts doing the experiments. 
The Interviewer makes a detailed note of the procedure adopted 
by her, 

AKH* I think it i* the weight* 
int* Why do you thi*^ so? 

ANMs Heavier thO bob, it (tshe pendulum) moves slower and the 
lighter oi»e it moves faster* 

Xht* Has the length enythlng to do? 

AKM* It is elJi 




243 


Int* 

AKMt 


You wftnl: to tty again. 


axperlments. in ona ot the exi>erlment» 
ene acel^antally hits the heavier bob) The heavier one 
can also move faster. 


mti Do you wish to try again? «,*r 

. approadhes the problem by controlling tw^ 

variables via*« the height of the dropping point and mass of 
the bob. 

. \ • 

AXMi I tl)i^^ length of the thread affect the movement, 
mt* can you show it to me? 

MOit <does a few more trials) I thihk It is the weight, 
xntt Are you sure? 

AKHt It is the weight and the length %«hieh affects, 
xntt Thank you. 


Task Vt Hockey Player Pussle (combinatorial reasoning) 

Interview with KSTi sex • male, age « 13; 6. 

Xntarwiawert (after explaining the ta^ as given in Appendix B) 
HOW many ways can you wear the gear supplied to you? Try 
all possible ways. 

KSTt (after severe! trials) Thera ace 24 ways. 

intt Can you explain? 

K8Tt Can I write? (interviewer supplies him with a paper and 
panoil). 

inti l<hat are these? 

KBfti I*m using letters for ooloors. (he writes all the 24 waya. 
using letters for each colour). 

Inti la there anj* other way? 

KBTt Mo, I have written all. 

xntt Gan you explain them? 

KSTt With black boots if you ohange other pieces of the gear# 
there era twelve ways, so, with white another twelve, 
making a total of twenty four. 

Intt Which are the tweVe ways? 

KSTi T*wa written them all. 
xntt Thahk you. 






Task VI* Electrical Switching System (Combinatorial reasoning) 
Interview with SKK* sex - male, age 13; 7 


Interviewer* ^re, I have got a systetn of switches connected 
to a cell. The switches are marked 1, 2, 3, 4 and M. 

SKK* (Interrupting) Why M? and not 5, 

Intt The switch M is called a master switch and so it is nanied 
as M,‘ All the switches have two positions i*e., on md off 
(pointing at tha swltciies), With one of these four switches 
in the 6n position; or with any two of them> or with three 
of them, any threei or with all the four switches in the 
on position; if you switch on the master switch this bulb 
would give out light* You try different possible ways to 
iTMike the bulb glow. Tty all possible ways. ' 

SKKt Yes. (puts switch 1 in the on position and then M. Then 
he switches on 2). 

Inti (interrupting) After making one trial put off all the 
switches before you try again. 

SKKi I have to put off I and M also? 

Inti Yes, switch off all after each trial. 

SKK tries in a systematic manner. Interviewer makes a . 

note of all the trials carried out. 

SKKi Switches 1 & 3, and M is the combination. 


Inti DO you want to try other ways? 

SKKi Yee, I would like to. 

Inti Try all possible ways (makes a note) • 

SKKt There are two ways* 1,3 and M; and 1,2,3 and M. 

Int* What has switch 2 to do? 

SKK* Switches on 1 and 3 and M; then switches on 2 and then puts 
it off. 1 tJilnk switch 2 has nothing to do. 


Xnti 

SKKi 


What about switch 4? 

(tries with all four switches in the on position and then 
puts off s\;itch 4) I think switch 4 is coming in the 

way of the current. 


Int* Thaaflik you. 





245 


Task VII* R«t4» of Growth of Plants (Controlling of variables) 
Intexrvlew with SVC* sax - msi« , age - 16,3. 


Xntexrviewen Hava you seen bean seeds? 

SVC, Yes. 

Xnt, Have you noticed any time seeds growing into plants? 

five. Yea, in my house there is a kitchen garden and I have seen 
seeds growing into plants. 

Int, I did soTTi* experiments with bean seeds, 1 took five mud 
pots of egual sloe and ntambered them 1, 2, 3, 4 and 5 
(pointing at the cerd}. l filled pot 1 with sandy soil, 
the second also with sandy soil. The third pot I filled 
with clayey soil. The fourth pot I took a mixture of 
sandy and clayey soil. The last pot again I filled with 
sandy soil. X planted five bean seeds each in these pots. 

I added one mug of water per day to the first pot, three 
mugs of water to the second end so on as given in this 
table. X added manure X to pot 1, manure Y to pot 2 aaxi 
so on. X kept all the pots in these conditions for two 
weeks. Hhat do you think would happen to these seeds in 
these two weeks? 

BVCi They would grow Into plants. 

Xnt, X measured the length of the plants in all these five 

pots. In the first pot they have grown to 14 oms., in the 
second to ten oms., and so on as given. »ow, try to 
answer this question. If you want to know the length to 
which the plants have grown, per weak, under two light 
conditions vis., sun end shade, which two pots would you 
compare? 

SVC, After a long pause. Pots 2 and 5, 

int, Why have you chosen 2 and 5? Can you give me a reason? 

SVC, Both are kept in sun. 

Xfttt Xf you want to compare the difference in growth of plants 
kept in sun and shade which pots would you co«npnre7 

SVC* i and 2. 

Xnt* Why? 

SVC, They are kept in sun and rtiade and water added la more in 
one and lass In the other. 

Xnt, If water added la more the plants la pot 2 should grow 
taller. But, they are shorter. 

SVC, May be there is some other reason. 1 dont know* 

Xnt, Thank you. 




T*«k VIIII palling Bodlas on an Inclined Plane (controlling of 

variables) 

Interview with SIP, sex - female, age - 13; il. 


In^ryiewer describes the apparatus as given in 

Appendix B with intermittent guestions to ensure the understanding 

of SIP. 

Interviewer; Now, l want you to tell me, after doing experiments, 
what makes the bob go further; whether it is the height of 
the plane, distance from the bottom curve of the plane, the 
mass of the bob or the size of the bob? 

SXPt (after making several observations with different bobs in 
an unsystematic manner). The balls will go In holes, 
further away, in order of size (pointing at the apparatus) . 

Xntt what do you mean by order of size? can you explain? 

SIP I The smallest goes to the nearest hole and the blgnest goes 
to the farthest. Those in the middle goes to the middle . 

(she demonstrates it) • 

Xntt So, they go according to size. Has the height of the plane 
enytihing to do? 

aiPt According to where you put the slide (pointing at the 
inclined plane) they go in the holes. You put it up the 
ball falls nearer, it depends on the slide also. 

Inti Are you sure? 

SIPt I think the size has nothing to do. The weight and the plane 
affect it. 

Xntt Do you wish to try again? 

SXPt NO, I hava already completed all the experiments, 

Xntt Thank you. 
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li 0* Rl*rt»«iit« 4 q form Coti^imds Bawia dn 

Slactron SferuatuiMii 

•' *r 

T*Achi^ last f«w aeaftlana v« abput th« electron 

•truotnre of etome« ®lve rt* tfe eniiwi^iee of element* having 
on* electron in the ou'iar ^rbiti 

Student! Hydrogen* 

1ft kqw many eleetrona dee# i% hetif 

St One. 

ft What ie the eirfangeiiantt 
St One ill the first efbitf 
ft Oive me another exwitple* 

St Sodium* 

ft vSfat if it* a atomSi number^ 

•i sleeen. 

ft fhen, iSist if the aleotten atruethssf 
•t 1* •* i« 

ft (eritaa both the atrttottime oh %e ilitthttiird) 9pf* #a an 
exairsle of an elaiftent nith ^ j|li«%<N»49 Is the outer efSit. 

St Mefneeium uith i« t* (f ^nritsa an tiMi iii^iiboard) 

ft Hith three aleetmiiit 

St Aluminius uith l» s« i* ttitsi sn Iht 

ft With teurf 

St Gerii^ With It If .wtiiMiii m ^ 

ft SMssflas f|tli fire* fiSf fSffh eiffit tieeltimnef. 

Si mtreten f|^ i» .Ir .fl1^ If., fI*. ^ 




el ilee^na 


il 


lii#n it' it 
ft i>o«» snen fsfs 

Si so^r teseetf# it hat * 'IlShlt if|fhSfWfe ff eifhl- 

ft ,what ahawt the reat el alaflw»ts 
in the estfir srHtf 

St AW thsif ilwsii , 

f I iihyf ''' , ^ 

St seeaua# Wf 

■ 1 ^. d I , • 1 ‘ '* 1 ' - ‘ ^ ^ • *- 'th I I ^ „ * ' r 

9 i MW, M|(*4 I >>«Tt »»*»**« trtw ** ‘“t «?. 


2 
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Untttabl® electron structure 

in tneir outer orbits. Ate these structures stable or not? 

St rrhey are all unstable. 


JJttaln stability? suggest any one way in Which 
two elewents can attain stability* 

St Na can loose one electron and cl can tt^e that* 

When sodium looses otie electron what hanpenB to its electron 
structure? 


Si Xt becomes 61 tike that o< Me* 
81 Me has a stable etruoture* 

Ift What charge would Me enquire ? 

St .*. • 


Tt How nieny electrons are there in a sodium atom? 

81 eleven negative* 

tt So» if we remove one electron what would happen to the atom? 
St There would be ten negative* 

tt Mow many positiva pattiolas ara there in the Sodium atom* 

81 Hlaven positive* 

8t So* the Sodium atom which hae lost one eleotron will acquire 
one positive charge* 

tt How can we represent it? 


Si With e negative sign. 

ti Sodium with aftl electrons is oalled an atom and when it 
(Mscpilres a positive charge it is called an*ion^ * 

What would happan to 01 atom when it idguires one more 
eleotrohf 

St xt would get eighteen electrons* 

St Xt will have an entra nagativs cha^e* 
ti Kill it remain an atom! 

St m, it will baccmn » nagatlva • ion* ♦ 
ft Hcnr many nogntivo charges will it ooqcirg? 
at One* 


ft why? 

St Because it hss acquired calif alcctrca« 

1. im«t b*iip*q. i» «^* <sbw**» «**« ■«*«* *.««•»«» 

Bi »h* pa.l**v* *t N« «>4 «*o**tv# *f .fVbtW***' 





254 


Ti 

S« 


ri.e ch.u-q*'r. ru^utraU8««a. if one of the Jons two 
positive will it be tieutreliaert by a»o negative. 


Yf«, l-*r.c#ou»e t)>ey are poeltlva and 
neutxallee.i. 


negative they will get 


fij No, only one will neutralised. It will have one positive. 

Ti iifl take an exampi*. for discussion. How many electrons 
liave tagnesltun in the outer orbit? 

Si Two, 

•Pt ikjw can It attain stability? 

«i l<y loosing the two outer electrons, 

T» Suppose it looses its electrons to Chlorine. Then, how can 
it attain stability? 

St Chlorine can take only one. So Mg cannot give both of them. 

8 t Cl will take botli because It takes electrons. 

8i Then Cl will not be stable. 

Tt Why woud'nt it be stable? 

St fk*'~ause It will have nine electrons. This Is not steble. 

Sight is stable. 

Ti Then how cen Mg sttein stebility? 

Sf It may loose the electrons to eny other element* 

Tt Can you suggeat? 

Si nwygen has six in the oviti^r. It needs two more. Mg con give 
botij its electrons to oxygen, 

Bi Mg can lose its electrons to two Cl atoms, 

St How Ifl it possible? 

St We know that Maaneal^ww chloride is there like Sodium Chloride, 
Mg looses one electron each to two Cl atoms, 

Ti Then how will we represent ecompound of Mg and Cl, 

ft Mg Cl Cl, 

Ti instead of Mg Cl Cl, it is usually represented as MgClj, 

Tt Will Mg »«><* 0 * compound? 

St M4 can give both its outer electrons to one 0 forming MgO. 

Ti vfliat will be the charge of the Mg ion, 

St It wilt two positive charges and O will acquire two 

negative charges* 

Tt Hrw VI U Al with thw electrons in the out^r orbit attain 
stability? 

ti It can give one each to three Cl atoms, 

Ti What would be the charge argulred by Al? 




Bt It will acq^lsr® the®® positive chart^en* 25Si 

Si How can it attain three poaltive charges? 

&t It will give three electrons to one Cl atom each. Because it 
has given out three negatita charges it would get three 

T» Will hi and 0 torrn a compound and if so how? You try to find 
an answer* We will diacuss it during the next session* 

Nfw let us take two other exanq;jl«s, say, Na and Mg. Will 
they conibine to fonti compoundsf 

Bt Yes, wa wi,ll loose &xv& electron and Mg will loose tv^* 

JIf It is not possible* Mg will have only three and that is not 
stable. 

Si 'Na and Mg would loose electrons. Then they axe stable* 

St Both would be positite and they will not attract. 

St Positive and positive repels. 

Ti Yes, like charges repel* 

St Then six Be oan loose one electron eeeh to ode Mg. 

St Thee what would be the charge of Mg? 

is six negative. 

Tt So far I have*nt heard of such a oompound. But, it may be 
possible. At you laam further you'll learn about it. 




SasQile it Factors Affadting Kate of a Reaction 


»» Here I hfve two soUd iiubstanc»»* ^ they the same? 
St tKO, 


Tl 

St 

Si 

•< 

Tt 


’ S# 
Tt 
St 


Why do you say so? 

Their colour is dlffarenbf 
Their 'shape Is dlffeipiihS* 

one ±« a gj^y solid and ^a other 4» aeddtih brown pieces, 


To these two iubstanoes adding 

{adds con, ^8»94 '*^9 ““ 

What is ha|»|>#4M in ^aso two 

A ireaotion id' 


two colourless licxuids* 
^l, Hdl to Zn rod) 
tubes? 


NSW substsnoe ia 

' * I 
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Bi 

3j 

Si 

Ti 

Si 

Si 

Si 

Si 

8 

T 

8 

Si 

T 

a 


In the first a reddish brown gas is produced. 

It has a suffocating smell. 

In the second a colourless gas Is produced. 

place where « reddish 
brown gas is produced and in l^is test tube a colourless gas 
is produced, what are the differences in these two reactions? 

The colour of the gas produced la different. 

T-Je aubstancaa taken are different. 

This gas has a bad smelly the other on© does not have. 

Here the reaction is faster and here it is slow. 


No. if you add more acid to this it will also go on faster. 
Xsit us try. (adds a few more drops of the acid to the Zn rod. 
Then also it is slow. 

May be it needs more acid. 

Let us try again (adds mors sold to the same test tube). 
There is no difference. This must be a alow reaction. 


Ye* soaie reactions are slower tiian others. Here this one 
is slower than the other* There ere other examples. Austing 
of Iron where Iron changes into e reddish powder* Is that 
a slow or fast reaction? 


fi; 

T 

8 

T 


It is a slow raaetlon* because it takes a long time for Iron 
to bacocns rust. 

How do you call a reaction as a slow reaction? 

Zf the new substance is produced at a fast rate It is a f^st 
reaction. If it goes on slowly it is a slow reaction. 

What could be the possible reasons for t;hese two reactions to 
be of different rats? 


T; 

a. 

a 


The acid added is different. 

I'll repeat the e^^riment with the same amount of acid. 
Ho the weight of the substance haa also to ba the aatne. 
Only if the weight is the same we can know the difference* 


(weighs out equal amount of Cu and Zn a^ adds 
quantity of acid to botd!>) • Hare acids are different, 
is MaS 04 and the other Is mU W^at do you observe? 

8t One reaction Is fast and the other is slow. 

8f The difference la because the substance us<^ is di£fftrent< 
Bt All others aj^ eqiual’. So tha diffsrence of the 

sudastatkee. 

Ti One fectos that determines the rate of a ration is the 
nature of Irihs substaftse*' 


One 
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T: 


; u, ve Zn in three different for.r.g. one, i.-. a 
form of small pieces and the thir 
ai 1 * powder. If i add the same amount of 

ell the three forms will the reaction rate be the 


i'od. 'i'ho 
cl is in 
CO id to 
saino? 


Bi The matetial Is the same and so the rate would bo thr same. 

St Th« weight of the three forms should be equal, 

St ?»o. It is not required because the material is the same. 

Tt Why you say that the weight has to be the same? (pointing 
at he student who gave such a hypothesis) . 

St .If the weights ere different we cannot icnow whether the 
speed of the reaction changes because of the form of the 
materiel. 


Ti Let «f! perform the experiment* VThat have we got to talce? 

Si Squal weights of the three forms. 

Teacher weighs equal quantl^ of the three forms of Zinc, 

8* We have to add equal quantity of acid. 

Teacher measures out equal quantity of the acid and adds to the 
thrre teat tubes. 


Ti What do you observe? 

Si The Zn powder reacts faster and the rod reacts very slowly. 
Ti What does this indicate? 


Si The rate of the reaction depend on the condition of the 
substance whether it is a rod or a piece or powder, 

Ti Another factor which determines the rate of a reaction is 
the physical nature of the substance. The rod nas less area 
for the acid to come in contact end so the reaction is slow. 

Si The pieces will have more area where the acid can come and 
react and so the reaction goes on faster. 

»t The powder has the maximum area where the acid can come and 
reset. Therefore, the reaction goes on very fast. 

Ti The surface area increases as we malce the big piece into 
smaller ones and the acid finds more place for reaction, 

Tf Suppose the two substances are in the form of gases, will 
they react faster or slower? 

Si They will react fast? 


St Why? 

Sa Because the substances come in contact with a larger area, 
T« Mow do you say this? 


Ti 


Because In gases tne ^ 

the molecules of the two substances will come in contact ana 

hit each other for the reaction, to tahe place. 

If such a reaction is very Very fast, how long will it tatea 
to cowpiate.,the reaction^, ■ _ - 
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St Only a f»w seconds* 

St Kay be even less* 

Ti VeS| certain reaction ate so jSast that the reaction is 
complete within fractions of seconds* Can you suaaest anv 
such exan^le? j j 

8l .... 

• * ' 

Ti If W8 mix H and Cl In presence of light the mixture will 
react so Violently that it ojcplodes, 

St Can ve do the experiment In the class? 

If I Sorry, it is very dangerous* 

St Ofhe test tube will breah and teacher will get hurt. 

fft Such reactions are not carried out in test tubes and so 
‘ we oannot perform in the classroom* 

Si The noise would disurb other Glasses also* 

Ti Xf we want to measure the rata ©fa reaction how can we do i 
it? Kow do we express the speed of a moving ear? 

St iv poir hour. 

Ti Similarly bow oan we express the rate of a reaction? 

St Amount of substance produced per hour* 

Tt Xf the reaction is a faster one and it goes to completion 
within a few minutes# then how would you express it? 

8f Amount of substance produced per minute* 

Tt Depending on the reaction the unit may be changed but in 
all these oases the amount produced per unit time is taken 
as the rate of reaction* 

St Xf it is a very fast reaction then it may be expressed as 
the substance produced per second* 

Ti How will you S(*^»iist*>i^d iststinavof Iron? 

St Amount of rust produced per day* 

The teacher goes on to revise the factors that affect the 

rate of reaction one liy on« sn 4 writes them on the blscb board* 
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appendix I 

Sample Lessons of the Control Groups 


sample It Occurance and allotropic forms of Phosphorous 


Teacher* Today ve* ll leam Phosphorous* 
me the synibol of phosphorouus* 

Si P 


Anyone vho can tell 


Tt The symbol of Phosphorous is P* The atomic number Is 

15 atid the atomic %iei^t is 31* Phosphorous is a very 
reactive element end so it is not found free in nature* It 
is found in the cot^ound form* The chief minerals of 
phosphorous are Phosphorite, Pluoropatite and Chloropatite 
( teacher writes the formula of the minerals on the bo'ard). 
Phosphorous is present in the compound form in tl“ie body of 
animals and plants. Your bones are made of phosphorous 
compounds# P is obtained by heating the minerals with colce 
and sand in an electric furnace* 

P shows allotropy. What is'allotropy? 

Si Existing in different forms, 

Ti An element which shows different physical forms but the same- 
chemical Composition is called allotropy* P exihibts mainly 
three allotropic forms 1) white or yellow phosphorous, 

3) red phosphorous and 3) blacic phosphorous, ordinary P is 
white in colour and it turns yellow when expostsd to light* 

Xt ie a soft solid and can be cut easily with a Knife, it 
catches fire if exposed to air*' This Is because it is 
highly reactive* P is reactive because of its special 
St mature • (Teacher draws the structure on the board and 
continues with the explanation! • 

T* What is the rsolecular formula of P? 

»* P4« 

Tf What is the atomic number? 

dt 15* 

T* What is the atomto weight? 

Si 31. 

Ti K'iat ere the allotropic forms? 

St Yellow, red and black phosphorous, 

Tt llrifce down this question snd answer* How does P occur in 
nature? Give its imj^ortant minerals* 

Teacher dieidtes the answer* 






sample 2t Exothermic aod Endothermic Reactions 
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Tt What do we do vheti we want heat? 

5( We burn wood, coal, 

St Sw'.tch on a heater* 

St Burn kerosene. 

Si We bum things, 

Ti Burning of coal* kerosene etc., are chemical changes. When 
coal burns carbon dioxide and heat are produced. Vfhen wood 
is burned the carbon present In the wood combines with 
oxygen to form carbon dioxide. The hydrogen present in the 
wood combines with the oxygen In the air producing v/ater. 

There are many other chemical reactions where heat Is 
produced when the reaction occurs. Such reactions are 
called Exothermic reactions, other examples o£ exothermic 
reactions arei 1) carbondioxide is produced when carbon 
monoxide is burned in oxygen i.e,, CQ -f 0 CO 2 ^ 6*7.6 X oal. 
(teacher writes the equation on the blackboard). A lot of 
heat Is produced in this reaction and so it is called an 
exothermic reaction, 2) when hydrogen burns in oxygen a lot 
of heat is produced, about 57,8 kilo calories ot heat. The 
equation for the reaction is + 0 + 57,8 K. Cal, 

BXo means giving out and thermic is connected to heat. 
Therefore, exothermic reactions are where heat: is given 
out during the reaction. 

The teacher then goes on to explain endothermic reactions, 
Tt Take down this question and answer. Define exothermic 
reaction and give two examples, 

• Teacher dictates the notes to the etudents. 
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Aseeasment of reasoning patterns o£ Group I 






Combinatorial 

CDnt»>lling of 

Sr* 

HO* 

NanMi* 

Sex 

Age^ 

reasoning 

variables 





Task V 

Task VI 

Task Vll 

Task VIII 

1 

AMP 

f 

14r0 

III A 

III A 

XX B 

II B 

3 

iOjP 

r 

13^3 

IXI A 

in A 

11 A 

ZI A 

J 

lUOL 

r 

i4ia 

III A 

111 A 

n B 

ZX B 

4 

PIQf 

f 

14f5 

Xtl A 

III A 

XX B 

n B 

5 

RHt 

H 

I5f4 

XI A 

IZ A 

II A 

II A 

6 

MDP 

M 

14f4 

ZX B 

III A 

ZI fi 

in A 

7 

tide 

N 

1410 

11 B 

III B 

11 B 

nr A 

6 

sue 

H 

iSiO 

III B ‘ 

in A 

11 8 

n B 

9 

KSI 

H 

14|3 

in A 

ni B 

III A 

XX B 

10 

KHjr 

H 

14# 7 

III A 

n B 

IX A 

n A 

11 

KSf 

H 

14# 1 

III B 

in B 

in A 

xn A 

13 


H 

15# » 

ZI A 

ZI 1 

ZX A 

II A 

U 

DK8 

N 

15iU 

ZI A 

XX A 

11 A 

ZI A 

14 

mh 

H 

14# S 

II A 

11 B 

11 A 

II B 

15 

vm 

H 

13# 7 

11 B 

in A 

IX B 

IZ B 

If 

JMM 

M 

14# 6 

III A 

III A 

XI B 

in A 

17 

ADO 

H 

14# 3 

III A 

in A 

11 B 

II A 

It 

HMD 

n 

13# 4 

xn A 

III A 

ZI B 

IX B 

It 

HIOC}- 

H 

IS# 4 

111 A 

nx A 

1X1 A 

III A 

to 

fiffiP 

H 

14# 11 

11 A- 

II A 

II A 

II A - 

31 

Attt 

11 

13# 11 

XI A 

II B 

.11 A 

XI A 

32 

OID 

if 

I3f9 

III A 

III A 

nz A 

XI B 

33 

Mjrt 

11 

15# 4 

XI B 

n A 

ZZ B 

n A 

24 

ma 

H 

15# S 

III A 

in A 

XX A 

11 A 

35 

fCPi 

.Vi 

'! 1^1 

XI s 

11 B 

11 A 

It A 


Bhatt torn* «t« ai*d* 

•iMk «» Oft •MMtiBtmnt day la yeftrejwonthi. 


f ^ 

H « 


faoalo 

iwklo.. 






Condsimtorial 
r»« 


Controlling o£ 
variables 


TasX V I Task Vl I Task VII1 Task VIII 


II B 
II A 
XI B 
II A 
XI B 
IX A 

II A 
xi A 

3 III A 

8 tr A 

9 XI A 

a II» 

10 III B 

40 Xli A 

41 II A 
XI % 

m A 
'll A' 

|l A 

III A 
If A 

' III A 
/tth 


II B 
ir A 
XI s 
IX A 
II B 
II A 
XX A 
II A 
Itt A 
II A 
II A 
XI B 
lit B 
IXi A 
II A 
II i; 
HI A 
It B 
I'l ^ 
IX A 
III A. 
II A 


,11 A 

II A 


II B 
IX A 
II A 
II A 
II A 
II A 
II A 
II A 
II A 
II A 
It A 
II A 
III A 
ir B 
ZI A 
II A 
II A 
XXX B 
XX A 
II A 
III A 
XI A 
HI A 
XX A 
XI A 


II B 
IX A 
IX A 
IX A 
II A 
It A 
II A 
ZI A 
II A 
II A 
II A 
II A 

III B 
II B 
II A 
II A 
II A 

III A 
II A 
XX A 

IXI A 
II A 

XXX B 
II A 
XX A 


49 

50 
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of tog WatternB of Or-jp ?. fn 1 







f ; 

‘4r . i 

«> 



C< jmbl n-k i 

ortal 

Controlling of ! 

Nf». i 

IMirje 

Sex 

Age" 

re^tsonit 

ig 

variables 

] 

( 

_I 

... ».*j 



Tank V 

Task VI [ 

Task VII 

Task VIn 1 

\ 

i 

JiVC 

M 

16;3 

31 A 

' ■ 1 

ri A 1 

11 A 

-- » il" 

ir A 1 

2 

IVf 

H 

15|10 

II A 

II A 

11 A 1 

II A ? 

3 

KJB 

M 

I6f 4 

ir A 

II A 

II A j 

ir A 

4 

PLP 

P 

16i9 

IT A 

II A 

II A S 

ir A 

»■> 

PtB 

M 

15; 11 

tt a 

11 A 

II A 

11 A 

6 

AAS 

P 

16;11 

I.t A 

IT A 

II A 

II A 

7 

MAD 

P 

13;U 

iir A 

III A 

II B 

ir B 

B 

HHI 

P 

15; 1 

ir A 

II A 

11 A 1 

II A 

9 

JMI 

P 

15; 7 

II B 

11 B 

II A j 

ir A i 

10 

f YS 

f 

16; 0 

ir A 

II A 

II A 

ir A 

u 

RIP 

P 

15;1 

II A 

II B 

II A 

II A ■ 1 

»2 

>iAP 

P 

14; 2 

XI B 

II B 

11 B 

II B 1 

13 

DIP 

r 

14; 5 

III A 

in A 

II B 

11 B 1 

14 

PGP 

p 

15;5 

It A 

II A 

II A 

II A I 

15 

SIS 

p 

t5;6 

II B 

II B 

IX A 

TI A 

16 

PW 

P 

14; 7 

II A 

II A 

II A 

II A 

17 

Krs 

N 

15; 3 

III A 

III A 

III A 

III A 

la 

SNA 

M 

15; 4 

II A 

II B 

XI A 

II A 

19 

ai.:B 

M 

15; 2 

II B 

11 B 

II A 

II B 

20 

Dl«B 

M 

14j 0 

II A 

II B 

II B 

11 fi 

21 

MHD 

M 

13|9 

II A 

11 A 

11 A 

II A 

22 

NJD 

M 

13; 10 

II B 

IX B 

XI B 

II 8 

3 

DJL 

M 

14;8 

III B 

Ill B 

III A 

III A 

24 

Rrj 

M 

13; 11 

II B 

II B 

II A 

II A 

2^ 

: HHK 

H 

14; 2 

II A 

11 B 

II A 

II A 

26 

! fsiA 

M 

16;6 

TJT A 

III A 

j III A 

III A 

jfjHi rt f< 

jrw# a 

re nset'’ 



P « 

female. 


on «l»JSW^3S?Wnr A-V/ la . 





Combinetorittl 
reasoning 


Controlling of 
^variables 


Task V Task vi Task Vll! Task vill 


15»10 

14|8 

14|11 

15/7 

13/9 

14/6 

14/10 

14/11 

15/U 

14/9 
14/S 
14/3 

u/a 

14/ 10 

lS/0 

14/11 


13/10 
14/10 
15/10 
15/9 
15/4 
14/a 
14/1 


II B 
IX B 
II A 


II B 
II B 
II A It A 
III A III A 


XX A 
II A 
II B 
II A 
II A 
11 A 
XI A 
II A 
II B 
II B 
IX A 
ZI B 
II A 
IZ A 
ZI B 
XI A 
II A 
II B 
II A 
II B 
II B 
II A 


II A 
II A 
II B 
II A 
II A 
IX B 
II A 
II A 

III A 
XZ B 
II A 
II B 
II A 
IZ A 
II B 
II A 

• II' A 
II B 
II A 
IX B 
XI B 
II A 


II B 
ir B 
II A 
III A 
ir A 
II A 
II B 
II A 
II A 
II B 
II A 
It A 
II A 
IX A 
II A 
ZX B 
ir A 
II A 
II B 
'll A 
II A 
II B 
IX A 
. It B 
ir A 
ir A 


II B 
II B 
II A 

ni A 

II A 
II A 
II B 
II A 
II A 
II B 

ir A 
ir A 
II A 
II A 
IX A 
ir B 
II A 
II A 
II B 
II A 
XX A 
XI A 
II A 
II B 
II B 
II A 
























Aaseaement of Reasoning Patterns of Group 3 To, 


Combinatorial 
r«ie Boning 


Controlling of 
variables 


P 15/6 
F Ufll 
P 15/6 
F 14/4 
F 14/4 
F 15/2 
F 15/9 
F 14/5 
F 15/1 
f Uf$ 

r' 

F 13/n 
F ,14/4 
F 14fp 
F 16/4 
'/'F ;4S|0 

:4‘ , -'^v, * 

; F \__i4f4 
''14/0 

':;f'' m- 

T 14/5 
F 14/4 

F' ,H|2 

'T 


Task V Task VI j Task VIII Task VIIT I 


II A II A II A ha 

II B ti A ■ rr A IX A 

II A II A II A II A 

III A III A III A II B 

II B 11 B II A II A 

II A II A 11 A II A 

II A II A II A II A 

II A 11 A 11 A ir A i 

II A • IX A II A IT A * 

II A II A* II A II A 

III A ITI A IX A II A 

HI A III A II B II B 

III A HI A HI A HI A I 

H B II A II A 

II A II A II A 

HI A HI A IT A I H A 

H B TI A HA 

in A HI A HI B 

HA II A HA 

HI A HI A II B 

HI S HI A II B 

III'a hi a ITI A 

IX A IZ B HA 

HA IX B IX A 

HI A HI A H B 

HI A III A TI B 


aifig. used 


F •* fanale 


t dajr In yearn/mfjntbs 
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Sr* 

NO* 

Nam* 

Sex 

Age 

Combinatorial 

reaaonlng 

Controlling of 
variables 

Taak v 

T««k VI 

task VII 

Task VIII 

27 

AAG 

M 

14|9 

II,I A 

III A 

III B 

III B 

28 

VD8 

H 

1S>7 

tit A 

111 B 

II A 

II B 

28 

^XJ 

ft 

14M 

til A 

lit A 

III A 

■II B 

30 

PVS> 

H 

13|ft 

ir A 

It A 

II A 

11 A 

31 

8DK 

H 

14|5 

lit A 

lit A 

II B 

II B 

32 

PVB 

M 

lSf7 

IX A 

tl A 

II A 

II A 

33 

HTA 

H 

13^9 

' 111 B 

in B 

ir B 

II B 

34 

sfa 

H 

14f2 

It A 

I'x A 

II A 

II A 

35 

my 

H 

13} 11 

III A 

III A 

11 A 

II A 

3ft 

ftLZ 

M 

U}ift 

III A 

III A 

III A 

III A 

37 

Nm 


li 

XX A 

XX A 

II A 

II A 

38 

AMft 

H 

I4f4 

xxr A 

III B 

III B 

III A 

39 

ART 

M 

14} 4 

III B 

IXt A 

tl B 

II B 

40 

DKf 

ft 

12} ft 

It A 

tl A 

II A 

II A 

4i 

out 

« 

iSlU 

11 A 

XX A 

IJ A 

II A 

42 

KiO!* 

M 

14} 4 

IX A 

XI B 

II A 

11 A 

43 

ME# 

M 

13|U 

III A 

III B 

III A 

III B 

44 


M 

14} 2 

ill A 

III A 

II A 

11 A 

4ft 

Oftf 

tt 

iSjff ' 

■ 111 A 

111 A 

III A 

Il'X A 

4« 


H 

13i1^ 

It A 

ZI B 

II A 

II A 

47 

mt 

n 

IftH' 

It B 

XI B 

ir A 

ir A 

1 

48 

im 

H 

int*-' 

It A 

II A 

II A 

II A. 

49 

m$ 

H 

lift' ; 

lit A 

XI B 

II A 

11 B 

ftO 


:** 


SJ A 

XX A 

IX A 

II A 

51 



■-|#t|’i V 

lit A 

III A 

II B 

IX B 

52 


ify, 


lit A 

III A 

11 B 

in A 




iifii'iniTiiii 






M- male 



f^aement of Reasoning f’atfeerns of Group 4 


VAM 

hhH 

lAD 

NAD 

Ai iD 

AKK 
iiTK 
BKL 
KAH 
DIN 
V in 
RAS 
OTS 

nm 

AAP 

VAP 

pm 

VAl 

LBZ 

inn: 


I rm*^ • 5 

I JR P 


Sex 

Age^ , 

P 

15;5 

F 

15;9 

F 

iSi 3 

F 

14|11 

F 

15; 10 

F 

14;8 

F 

15; 1 

F 

15; 5 

F 

14; 2 

F 

13; 10 

F 

15; 7 

F 

15; 0 

F 

14;0 

F 

14;6 

F 

13; 6 

F 

15; 10 

F 

14/0 

F 

16/2 

F 

13;7 

f 

14; I 

H 

15; 10 

. 

M 

l<^;2 

H 

14; 4 

K 

15|4 

H 

15;5 

~-3 


Combinatorial 

reasoning 


Controlling of 
variables 


Task V Task vr Task VII1 Task Vllt 


tl A 
11 A 
II B 
IX B 
IZ A 
II B 
II A 
11 A 
II A 
III A 
II A 
II A 
It B 
] i A 
11 A 
II 8 
II A 
II A 
It A 
II A 
II A 
IX A 
II B 
II A 
II B 


II A 
II A 
II A 
II A 
II A 
II B 
II A 
II A 
II A 
III A 
II A 
11 A 
IX B 
II A 
IX A 
IX B 
ir A 
XX A 
ir A 
II A 
IT A 
II A 
II B 
I II B 
I IT A 


II A 
IT A 
IX A 
II A 

II A j 

II A I 

ir A j 

II A f 

11 A j 

It B ' 

II A j 

II A j 

II A 
II A 
IZ A 
II B 
II A 

ir A 

II A 
II A 
II A 
II A 
IX B 
II A 
II A 


II A 
II A 
IT A 
II A 
II A 
II A 
IT A 
ir A 
IT A 
II B 
II A 
II A 
IT A 
II A 
II A 
Zl B 
II A 
ir A 
11 A 
II A 
ir A 
IX A 
IZ B 
II A 
It A 


foma art wsmmI ^ - female 

ave «• on In years; months M mle 



% 


If 


I 


Comblnatoriftl 

reaaoQing 

Ciontbolling of 
variables 

Tatk V 

Ta*A vt 

Task VII 

Task VIXI 

zr B 

XX B 

II B 

II B 

XX B 

tx B ..., 

II A 

IX A 

XX A 

XX A- 

IX A 

II A 

- It A 

XX A 

IX A 

XX A 

tt B 

XX B 

XI B 

II B 

XX A 

XX A 

IX A 

11 A 

Xt i 

Xt B 

XI 6 

II B 

It B 

XX B 

It B 

It B 

U A 

XI A 

ir A 

11 A 

XX’B 

XX B 

Xt B 

II B 

n A 

XX A 

IX A 

11 A 

lit A 

IXX A 

lit A 

III A 

It A 

Xl. A 

XX A 

ir A 

tt A 

xi A 

XX A 

ii A 

XX B 

It B 

IX B 

II B 

ItX A 

IXX A 

XX B 

III A 

$x A 

U A 

11 A . 

11 A 

IX a 

XX B 

XX B 

XI B 

II A 

- XX A 

xr A 

IX A 

It i 

X| B 

XX A 

It A , 

III 

XX B 

It A 

II A-^ 

ll'A 

It A 

IX A 

It A 

It A 

|i A' 

, irA 

^ It A . ' 

II > 

tx B 

l| B 

it B 

II* 

1 Xt^ - 

It A 

tt A 
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AM’KWnx K 

RACordXnga of Claasroom Interaction ualn^ sc/^fjpfiX 

«empU 1. Topic - Placement of electcone in an atom 
Teacher - PAK Observer * sriM 

Date, 27-11-1981 ...Clese • ix A 

[jll* ^61' ®U? ^22' ^ 11 * *^23' ®4i* ^23' ®lll nature of 


energy, | 

.*11' 

*61' 

*22' 

*27' 

*14' 

*27' 

*17' 

*16' 

*23' 

*17' 

*16 

*23' 

*17' 

*16' 

*17' 

*11' 

*16' 

*S7' 

*15' 

*16' 

*32' 

®17' 

*18' 

*32 

*11' 

*11' 

*22' 

®U' 

*32' 

*11' 

#14 

^14' 

*23' 

*14' 

*27' 

*32' 

*14' 

*27 

*14' 

*31' 

*14' 

*3»' 

*15' 

*15' 

*15' 

*32' 

*16' 

*17' 

*22' 

*18' 

*18 


T 32 * ^ig/^xgjl electrons are at different energy levels in an 
atom. 

Senile 2, Topic - Transformation of substances 

Teacher » PAK Observer - i^SM 

Date, e-12-1981 Class « 2X 8 

1^11* '^21* ^ll* *^22* ®ll* ^62' ^ll* ^21' recalling 

and parformlng several changes that occur to s^stances, 

Ijll'.'^dl* ^62' ®14' *23' ®14' ®15' ’^Ji' ®15' ®16' ^ 11 * ^41* 

*23' «14' *23' hs' *27' [*11' *22* 

®ll' *23' ®14' *32' %4' *42' Ss' *^2' ^15' *23' ®14^ *42' 
^is3 *”**^’*^**^ candle, |^ij« ®4i* "*^ 42 * *23' ^44* ®44* 

'42- ®«»' '*13"'™^“*”’' ®' ‘ 1*I1> *61' '^6S' *6»> ^®64' 

T^J, ® 27 * ^ 2 ^' ^^ 2*3 o* Silver chloride* 

[*ll' *21' *23* *14* ^42' ®15' *43' ®ir *14' *18' *21' 

s S cUsslflcatlor of obengee,. 

**IS' 18 J 
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Sample 3 1 Topic Combination of alomenita based on electron 

atructiura* 

Teacher -» PAK Observer • sbm 

Oatet 17-12*.1981 Class - lx A 

^32* ®ii' ®aa* ®ii' *aa' ®ii* ^®2' ^ 23 ' ®i4' ^ 22 ' 

®i4' ^27* ®iv ®i5' he* ^S3' ®i4' "^ 32 ' ®i5' ®ii' *^ 32 ' ' 

h$* '^#7' ®ii* ®i4* ®i«» ^ oonpound formation of NaCX* ' 

t®u' ®aj* ®l«' “'a?' ®J4' '*18' *11' “'iJ' *14' *15' '^ll' *18' 

*S»' *ll3 |*JJ, Tjj, Sj^, Sjj, Tjj, Sjj, , 

t^^, .jJ oonpoimdi of Al. [*ji. T^, 8^^. s^j, T„. s^, T^; ii;’ 

*lj *’“**"' ««"«»“»«•• [»22' *11' ■'si' *61'- *27' *11' *18' *41'' 
hypoth#tiaal cotnponnd^ 

Banpla 4| Tppia Xsolatlon of elements from natural sources 
Teacher •• pax observer <- sbm 

Oatet 3i<^i4.i9$a Class » XX B 

' [%* ^*^13* hi* *32* ®U' ®22» ®14' ?23^ ®14' ^IS* 

®a7* he* hv ®i4* elements In 

i natttfe* ®I4# ^37# Sj.4» •^27* Sji» Sjl^ 

' ^4i* *is* *16' ^%i* he*J eeptmtipn ©« eiameata from^-'" 

®U# ^U* *23'! ®i4' ®i4' ®27^ *15^ 

®i|* ^47* '^ii* hi* ^3®* ^ii* ^ii^ 

aiaweiisii^lf^ Jfn« ®18' ®18* ®19' ®12* ®i|I . 

general ii|eth^e el separation* 
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^ *■' of a reaction 

toe. -.or . I AK Obaervar . siiM 

iMto, 11 - 2 . 1 .. 82 . Claas . K B 

ffn- \l- ■'62' “ir ■''22' ®13' ®13' ’’ll. Tj,, Sjj, Sj,. 

'’H' It' ®14' ’’st' ®M' T 55 , T^, Sjj, Sjg, Sjg. Tjj, S,^, 
'^4' ^17* ®17' **‘ 1 J nature of aubatanee aa a factor. 

[Tgj. Sj^, S„, Sj,. T„, Tjj. Tgj, Sj,, Tj^, S^e, 

®6h' "*^52* ®65* *^66^ ^66^ condition of reactant a-* a 


^ecti>r. S,*. T 


15* ^23* ®14* “^27* ®14* ^15' 




16 


dV ” 14 ' ** 15 ' “ 16 - 
' -^8* ^ 19 ] reactions, T^y S^y r^y 

4 M 


^2i* ®14* ^22' ®ll* ^ 19 ! * reaction. 


^J.iwpla 61 Topic » chemical equilibrium 

Teacher - PAK . Observer « SBM 

imtei 25-.2«'I982« Cleaa « ix A 

r 11* ®14* ®J4* '*’ 27 ' ®15' '*‘ 22 ' *^23* ^22* ®H* ®14* ®ij* 


T^l* 

^JiV 

^31* 

«14* 

bi] 

rate o€ forurttd reaction. '^22* 

'*‘ 23 * 

’ll* 

^23' 

®14* 

»14' 

’^tV ®15' ^33' ®14' ®15* ®27' *‘^15* *^16 

U* 

^23*. 


•^ei' 


rate of backward reaction. ^2Z* ^11* 

^23* 

^14* 

®15' 


^IV 

®14' ®15' ^18* '^Xl* ^22* *^23' 

®14* 

^15* 

®16* 



“^le* '*^11* *^18 * forward and backward 

rea< 

' lone 

occurinq 

Simultaneously* ^2t' ^23' ®ll' ^23* ®14* ^16 

®lo' 



chemloal auulllbrlunii. 





6ampl« 7t Topic •• Manufacture of Nitrogen. 

Teaehon ATS Obaen^er - SBM 

Detet 28-10-1982 Class - IX A 
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Ijii' ®aa' ®ii' *11' *11’ ®ii' *11' *61' ®iil ii‘i“is«otio'' 

of .ir. T„. Sjj. Tj^, Tjj, Tjj. separation of 

nitrogen* S^^ansvrere to exercise questions* 

Semple At Topio - ellotropio fextna of Phosphorous. 

Teacher - ATS Observer - sbm 

DateI 25-11-1982 Class - IX B 

111' *ia' *11' *11' *aa' «ii' *ii' *«' “il] '«'="«'«• °* 

Phoaphoroue* |^22* ^11* ^22* ^11* ^22^ ^11^ ^1^ allotrgplc 
forms of phosphorous. notes on allotroplc 

format 


Bwqpla At Topio w properties of carbon* 

Teacher - ATS Observer - sbm 

Detei 30-12-1982* Class - IX A 


1*11' *«' *11' 

. (?ii' *«v * 11 ' 

,.|liroFertiee* [*ii 


% ' 

®ei* ®ljl properties* 

®61' ’^ll* 

^ ^tee on properties of carbon.^ 


®11' ®6 


s* 


> ifemikle 10* Topic <• petroleum and petroleum products* 
Teacher - ats . observer S8M 

natiht 20-1-1983. Cl*** ^ XX S 
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Ui Topic - 8/oth#niiie and Endotha 

T«aohar . ats ^<*ennlo waotlona. 

10-2,1983 ®*amr - sdh 

r * at B 

fas* 8j|, S 8 , 

“aetlona. fj , - * *** **' *’«!' ®li]**t>thetnic 

-PU' W W S,uT, .T , 

’U' -8, *1,3 .aaotha^io I \ «' >' 

<"> •« OM andothat^le I-Sl' 11'«ot.. 

**Pl* 111 Topic - Faeton affaetiiM 

Tawhar - uses ”** *** ohwicaX lasaeUoai 

oatei 17 , 1.1983 Obaemr . sbh 

_ CXasa , K A 

L'u' *11# *j,, t„, f. a . « T„u. , 

^ tu' V*11'V*11. V*ii#t„.8,. 

11' *61' *1J wno.ntF.tioa of *.,00,0^,. 



